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Preface 


The H8/300L Series of single-chip microcomputers is built around the high-speed H8/300L 
CPU, with an architecture featuring eight 16-bit (or sixteen 8-bit) general registers and a 


concise, optimized instruction set. 
This manual gives detailed descriptions of the H8/300L instructions. The descriptions apply to 
all chips in the H8/300L Series. Assembly-language programmers should also read the 


separate H8/300 Series Cross Assembler User's Manual. 


For hardware details, refer to the hardware manual of the specific chip. 
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Section 1. CPU 


1.1 Overview 


The H8/300L CPU at the heart of the H8/300L Series features 16 general registers of 8 bits 
each (or 8 registers of 16-bits each), and a concise, optimized instruction set geared to high- 


speed operation. 


1.1.1 Features 
The H8/300L CPU has the following features. 


General register configuration 
16 8-bit registers (can be used as 8 16-bit registers) 


55 basic instructions 
¢ Multiply and divide instructions 


¢ Powerful bit manipulation instructions 


8 addressing modes 

¢ Register direct (Rn) 

¢ Register indirect (@Rn) 

¢ Register indirect with displacement (@(d:16, Rn)) 

¢ Register indirect with post-increment/pre-decrement (@Rn+/@ —Rn) 
¢ Absolute address (@aa:8/@aa:16) 

¢ Immediate (#xx:8/#xx:16) 

¢ Program-counter relative (@(d:8, PC)) 

¢« Memory indirect (@@aa:8) 


64-kbyte address space 


High-speed operation 


All frequently used instructions are executed in 2 to 4 states 
High-speed operating frequency: 5 MHz 

Add/subtract between 8/16-bit registers: 0.4 Us 

8 x 8-bit multiply: 2.8 Ls 

16 + 8-bit divide: 2.8 Us 


Low-power operation 


Transition to power-down state using SLEEP instruction 


1.1.2 Data Structure 


The H8/300L CPU can process 1-bit data, 4-bit (packed BCD) data, 8-bit (byte) data, and 
16-bit (word) data. 


Bit manipulation instructions operate on 1-bit data specified as bit n (n = 0, 1, 2, ...,7) ina 
byte operand. 

All operational instructions except ADDS and SUBS can operate on byte data. 

The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 bits), and 
DIVXU (16 bits + 8 bits) instructions operate on word data. 

The DAA and DAS instruction perform decimal arithmetic adjustments on byte data in 
packed BCD form. Each 4-bit of the byte is treated as a decimal digit. 


Data Structure in General Registers: Data of all the sizes above can be stored in general 


registers as shown in figure 1-1. 


Data type Register No. Data format 
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4-Bit BCD data 


RnH: Upper 8 bits of General Register 
RnL: Lower 8 bits of General Register 
MSB: Most Significant Bit 
LSB: Least Significant Bit 
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Figure 1-1. Register Data Structure 


Data Structure in Memory: Figure 1-2 shows the structure of data in memory. The 

H8/300L CPU is able to access word data in memory (MOV.W instruction), but only if the 

word data starts from an even-numbered address. If an odd address is designated, no address 

error occurs, but the access is performed starting from the previous even address, with the least 

significant bit of the address regarded as 0.* The same applies to instruction codes. 

* Note that the LSIs in the H8/300L Series also contain on-chip peripheral modules for which 
access in word size is not possible. Details are given in the applicable hardware manual. 


Data type Address Data format 


1-Bit data 


Byte data (CCR) on stack 
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Word data on stack 


Lower 8 bits 8 
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CCR: Condition code register. 
Note: Word data must begin at an even address. 
t: Ignored when returned. 


Figure 1-2. Memory Data Formats 


The stack is always accessed a word at a time. When the CCR is pushed on the stack, two 
identical copies of the CCR are pushed to make a complete word. When they are returned, the 
lower byte is ignored. 


1.1.3 Address Space 
The H8/300L CPU supports a 64-Kbyte address space (program code + data). The memory 


map differs depending on the particular chip in the H8/300L Series and its operating mode. 
See the applicable hardware manual for details. 


1.1.4 Register Configuration 


Figure 1-3 shows the register configuration of the H8/300L CPU. There are 16 8-bit general 
registers (ROH, ROL, .... R7H, R7L), which can also be accessed as eight 16-bit registers (RO 
to R7). There are two control registers: the 16-bit program counter (PC) and the 8-bit 
condition code register (CCR). 


General Registers (Rn) 


SP: Stack Pointer 


Program Counter 


Condition Code Register 
Carry flag 

Overflow flag 

Zero flag 

Negative flag 

Half-carry flag 

Interrupt mask bit 

User bit 





Figure 1-3. CPU Registers 


1.2 Registers 
1.2.1 General Registers 


All the general registers can be used as both data registers and address registers. When used as 
address registers, the general registers are accessed as 16-bit registers (RO to R7). When used 
as data registers, they can be accessed as 16-bit registers (RO to R7), or the high (ROH to R7H) 
and low (ROL to R7L) bytes can be accessed separately as 8-bit registers. The register length 
is determined by the instruction. 


R7 also functions as the stack pointer, used implicitly by hardware in processing interrupts and 
subroutine calls. In assembly language, the letters SP can be coded as a synonym for R7. As 
indicated in figure 1-4, R7 (SP) points to the top of the stack. 


Unused area 
ae 


Mii 
LY 


Stack area 


CU ML: 
WH M/@ JI- 





Figure 1-4. Stack Pointer 
1.2.2 Control Registers 
The CPU has a 16-bit program counter (PC) and an 8-bit condition code register (CCR). 


(1) Program Counter (PC): This 16-bit register indicates the address of the next instruction 
the CPU will execute. Instructions are fetched by 16-bit (word) access, so the least significant 
bit of the PC is ignored (always regarded as Q). 


(2) Condition Code Register (CCR): This 8-bit register indicates the internal status of the 
CPU with an interrupt mask (I) bit and five flag bits: half-carry (H), negative (N), zero (Z), 
overflow (V), and carry (C) flags. The two unused bits are available to the user. The bit 
configuration of the condition code register is shown below. 


Bit 7 6 5 


4 a, z l 0 
Initial value 1 * * * xk x ** 2 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
* Not fixed 


Bit 7—Interrupt Mask Bit (I): When this bit is set to 1, all interrupts except NMI are 
masked. This bit is set to 1 automatically at the start of interrupt handling. 


Bits 6 and 4—User Bits (U): These bits can be written and read by software for its own 
purposes using LDC, STC, ANDC, ORC, and XORC instructions. 


Bit 5—Half-Carry (H): This bit is used by add, subtract, and compare instructions to indicate 
a borrow or carry out of bit 3 or bit 11. Itis referenced by the decimal adjust instructions. 


Bit 3—Negative (N): This bit indicates the value of the most significant bit (sign bit) of the 
result of an instruction. 


Bit 2—Zero (Z): This bit is set to 1 to indicate a zero result and cleared to 0 to indicate a 
nonzero result. 


Bit 1—Overflow (V): This bit is set to 1 when an arithmetic overflow occurs, and cleared to 
Q at other times. 


Bit 0O—Carry (C): This bit is used by: 

¢ Add, subtract, and compare instructions, to indicate a carry or borrow at the most 
significant bit 

¢ Shift and rotate instructions, to store the value shifted out of the most or least significant 
bit 

¢ Bit manipulation instructions, as a bit accumulator 


Note that some instructions involve no flag changes. The flag operations with each instruction 
are indicated in the individual instruction descriptions that follow in section 2, Instruction Set. 
CCR is used by LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags 
are used by the conditional branch instruction (Bcc). 


1.2.3 Initial Register Values 
When the CPU is reset, the program counter (PC) is loaded from the vector table and the 


interrupt mask bit (I) in CCR is set to 1. The other CCR bits and the general registers are not 
initialized. 


The initial value of the stack pointer (R7) is not fixed. To prevent program crashes the stack 


pointer should be initialized by software, by the first instruction executed after a reset. 


1.3 Instructions 


Features: 

¢ The H8/300L CPU has a concise set of 55 instructions. 

¢ A general-register architecture is adopted. 

¢ All instructions are 2 or 4 bytes long. 

¢ Fast multiply/divide instructions and extensive bit manipulation instructions are 
supported. 

. Bight addressing modes are supported. 


1.3.1 Types of Instructions 


Table 1-1 classifies the H8/300L instructions by type. Section 2, Instruction Set, gives detailed 


descriptions. 


Table 1-1. Instruction Classification 


Function Instructions Types 
Data transfer MOV, POP*, PUSH* l 
Arithmetic operations ADD, SUB, ADDX, SUBX, INC; DEC, -ADDS, SUBS, 14 
DAA, DAS, MULXU, DIVXU, CMP, NEG 


Logic operations AND, OR, XOR, NOT 

Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, 8 
ROTXR 

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR 14 
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST 

Branch Bec**, JMP, BSR, JSR, RTS 5 

System control RIB} SLEEP, UDC}, STC, ANDC; ‘ORC; XORC, NOP 8 

| Block data transfer EEPMOV © 1 


Total 55 


* POP Rn is equivalent to MOV.W @SP-+, Rn. 
PUSH Rn is equivalent to MOV.W Rn, @-SP. 


** Bec is a conditional branch instruction in which cc represents a condition. 


1.3.2 Instruction Functions 


Tables 1-2 to 1-9 give brief descriptions of the instructions in each functional group. 


The following notation is used. 


Notation 

Rd General register (destination) 
Rs General register (source) 
Rn General register 

(EAd) Destination operand 
(EAs) Source operand 

CCR Condition code register 
N N (negative) bit of CCR 
Z Z (zero) bit of CCR 

V V (overflow) bit of CCR 
C C (carry) bit of CCR 

PC Program counter 

SP Stack pointer (R7) 

#Imm Immediate data 

op Operation field 

disp Displacement 

+ Addition 

— Subtraction 


x 


Multiplication 
Division 

AND logical 

OR logical 
Exclusive OR logical 


+f 


| |@I< |> 


Move 
“7 Not 
:3, :8, :16 3-bit, 8-bit, or 16-bit length 


Table 1-2. Data Transfer Instructions 


Instruction Size* Function | 
MOV B/W (EAs) — Rd, Rs — (EAd) 
Moves data between two general registers or between a general 
register and memory, or moves immediate data to a general register. 
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:8 or #xx:16, @-Rn, and 
@Rn+ addressing modes are available for byte or word data. The 
@aa:8 addressing mode is available for byte data only. 
The @—R7 and @R7+ modes require word operands. Do not 
specify byte size for these two modes. 
POP W @SP+ —- Rn 
Pops a 16-bit general register from the stack. 
Equivalent to MOV.W @SP+, Rn. 
PUSH W Rn > @-SP 
Pushes a 16-bit general register onto the stack. 
~ Equivalent to MOV.W Rn, @-SP. 


* Size: Operand size 


B: Byte 
W: Word 
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Table 1-3. Arithmetic Instructions 


Instruction Size* 


ADD B/W 
SUB 

ADDX B 
SUBX 

INC B 
DEC 

ADDS W 
SUBS 

DAA B 
DAS 

MULXU B 
DIVXU. B 
CMP B/W 
NEG B 


* Size: Operand size 


B: Byte 
W: Word 


Function 
Rd +Rs — Rd, Rd+#Imm — Rd 

Performs addition or subtraction on data in two general registers, 
or addition on immediate data and data in a general register. 
Immediate data cannot be subtracted from data in a general register. 
Word data can be added or subtracted only when both words are in 
general registers. 
Rd+Rst+tC — Rd, Rdt+#Imm+C — Rd 

Performs addition or subtraction with carry or borrow on byte data 
in two general registers, or addition or subtraction on immediate data 
and data in a general register. 
Rd+t1 —> Rd 

Increments or decrements a general register. 
Rd+1 — Rd, Rd +2 Rd 

Adds or subtracts immediate data to or from data in a general 
register. The immediate data must be 1 or 2. 
Rd decimal adjust — Rd 

Decimal-adjusts (adjusts to packed BCD) an addition or subtraction 
result ina general register by referring to the condition code register. 
Rd xRs > Rd 

Performs 8-bit x 8-bit unsigned multiplication on data in two 
general registers, providing a 16-bit result. 
Rd+Rs — Rd 

Performs 16-bit + 8-bit unsigned division on data in two general 
registers, providing an 8-bit quotient and 8-bit remainder. 
Rd—Rs, Rd—#Ilmm 

Compares data in a general register with data in another general 
register or with immediate data. Word data can be compared only 
between two general registers. 
O—Rd — Rd 

Obtains the two’s complement (arithmetic complement) of data in a 
general register. 


1] 


Table 1-4. Logic Operation Instructions 


Instruction Size* 


AND B 
OR B 
XOR B 
NOT B 


* Size: Operand size 
B: Byte 


Function 
Rd a Rs — Rd, Rd a #Imm —- Rd 

Performs a logical AND operation on a general register and 
another general register or immediate data. 
Rd v Rs > Rd, Rd v #Imm — Rd 

Performs a logical OR operation on a general register and another 
general register or immediate data. 
Rd ® Rs—> Rd, Rd@®#Imm —> Rd 

Performs a logical exclusive OR operation on a general register 
and another general register or immediate data. 
“Rd — Rd 

Obtains the one’s complement (logical complement) of general 


register contents. 


Table 1-5. Shift Instructions 


Instruction Size* 


SHAL B 
SHAR 

SHLL B 
SHLR 

ROTL B 
ROT 

ROTXL B 
ROTXR 


* Size: Operand size 
B: Byte 


Function 
Rd shift — Rd 

Performs an arithmetic shift operation on general register contents. 
Rd shift — Rd 

Performs a logical shift operation on general register contents. 
Rdrotate — Rd 

Rotates general register contents. 
Rd rotate through carry — Rd 

Rotates general register contents through the C (carry) bit. 
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Table 1-6. Bit Manipulation Instructions 


Instruction Size* 


Bok B 
BCLR B 
BNOT B 
Boot B 
BAND B 
BIAND B 
BOR B 
BIOR B 


Function 
1 + (<bit-No.> of <EAd>) 

Sets a specified bit in a general register or memory to 1. The bit is 
specified by a bit number, given in 3-bit immediate data or the lower 
three bits of a general register. 

0 — (<bit-No.> of <EAd>) 

Clears a specified bit in a general register or memory to 0. The bit 
is specified by a bit number, given in 3-bit immediate data or the lower 
three bits of a general register. 

—(<bit-No.> of <EAd>) — (<bit-No.> of <EAd>) 

Inverts a specified bit in a general register or memory. The bit is 
specified by a bit number, given in 3-bit immediate data or the lower 
three bits of a general register. 

—(<bit-No.> of <EAd>) > Z 

Tests a specified bit in a general register or memory and sets or 
clears the Z flag accordingly. The bit is specified by a bit number, 
given in 3-bit immediate data or the lower three bits of a general 
register. 

C A (<bit-No.> of <EAd>) > C 

ANDs the C flag with a specified bit in a general register or 
memory. 

CA [A(<bit-No.> of <EAd>)] > C 

ANDs the C flag with the inverse of a specified bit in a general 
register Or memory. 

The bit number is specified by 3-bit immediate data. 

C v (<bit-No.> of <EAd>) > C 

ORs the C flag with a specified bit in a general register or memory. 
C v [HA(<bit-No.> of <EAd>)] ~ C 

ORs the C flag with the inverse of a specified bit in a general 
register Or memory. 


The bit number is specified by 3-bit immediate data. 
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Table 1-6. Bit Manipulation Instructions (Cont.) 


Instruction Size* 


BXOR B 
BIXOR  &B 
BLD B 
BILD B 
BST B 
Biot B 


* Size: Operand size 
B: Byte 


Function 
C @ (<bit-No.> of <EAd>) > C 
Exclusive-ORs the C flag with a specified bit in a general register 


or memory. 


CC® [A(<bit-No.> of <EAd>)] ~ C 


Exclusive-ORs the C flag with the inverse of a specified bit in a 
general register or memory. 

The bit number is specified by 3-bit immediate data. 
(<bit-No.> of <EAd>) ~ C 

Copies a specified bit in a general register or memory to the C flag. 
—(<bit-No.> of <EAd>) — C 

Copies the inverse of a specified bit in a general register or 
memory to the C flag. 

The bit number is specified by 3-bit immediate data. 
C > (<bit-No.> of <EAd>) 

Copies the C flag to a specified bit in a general register or memory. 
=C —> (<bit-No.> of <EAd>) 

Copies the inverse of the C flag to a specified bit in a general 
register or memory. 

The bit number is specified by 3-bit immediate data. 
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Table 1-7. Branching Instructions 


Instruction Size Function 
Bee — Branches if condition cc is true. The branching conditions are as 
follows. 
Mnemonic Description Condition 
BRA (BT) Always (True) Always 
BRN (BF) Never (False) Never 
BHI High CvZ=0 
BLS Low or Same Cy 7 = 1 
BCC (BHS) Carry Clear C=0 
(High or Same) 
BCS (BLO) Carry Set (Low) C= 
BNE Not Equal Z=0 
BEQ Equal ie 
BVC Overflow Clear V=0 
BVS Overflow Set Vk 
BPL Plus N=0 
BMI Minus N=1 
BGE Greater or Equal N®V=0 
BLT Less Than N@®V=1 
BGT Greater Than ZV(N@V)=0 
BLE Less or Equal ZV(N@®V)=1 
JMP — Branches unconditionally to a specified address. 
Bor a Branches to a subroutine at a specified displacement from the current 
address. 
JSR — Branches to a subroutine at a specified address. 
Iselin — Returns from a subroutine. 
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Table 1-8. System Control Instructions 


Instruction Size* 


Function 





* Size: Operand size 


B: Byte 


RTE — Returns from an exception handling routine. 
SLEEP — Causes a transition to power-down state. 
LDC B Rs —> CCR, #Imm — CCR 
| Moves immediate data or general register contents to the condition 
code register. | 
Sue B CCR — Rd 
Copies the condition code register to a specified general register. 
ANDC B CCR a #Imm — CCR 
Logically ANDs the condition code register with immediate data. 
ORC B CCR v #Imm — CCR 
Logically ORs the condition code register with immediate data. 
XORC B CCR © #Imm — CCR 
Logically exclusive-ORs the condition code register with immediate 
data. 
NOP — PC +2—PC 


Only increments the program counter. 


Table 1-9. Block Data Transfer Instruction 


Instruction Size 
BEPMOV — 


Function 
if R4L # 0 then 
repeat @R5+ > @R6+ 
R4L —1—- R4L 
until R4L = 0 
else next; 


Moves a data block according to parameters set in general registers 
R4L, R5, and R6. 

R4L: size of block (bytes) 

R5: starting source address 

R6: starting destination address 

Execution of the next instruction starts as soon as the block transfer is 
completed. 

This instruction is for writing to the large-capacity EEPROM provided 
on chip with some models in the H8/300L Series. For details see the 
applicable hardware manual. 
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Notes on Bit Manipulation Instructions: BSET, BCLR, BNOT, BST, and BIST are read- 
modify-write instructions. They read a byte of data, modify one bit in the byte, then write the 
byte back. Care is required when these instructions are applied to registers with write-only 


bits and to the I/O port registers. 


Sequence Operation 


1 Read Read one data byte at the specified address 
2__Modify Modify one bit in the data byte 


3 Write Write the modified data byte back to the specified address 


Example 1: BCLR is executed to clear bit 0 in port control register 4 (PCR4) under the 
following conditions. 

P47: Input pin, Low 

P46: Input pin, High 

P45—P40: Output pins, Low 

The intended purpose of this BCLR instruction is to switch P40 from output to input. 


Before Execution of BCLR Instruction 


P47 P46 P45 P44 P43 P42 P41 P40 


Input/output Input Input Output Output Output Output Output Output 
Pin state Low High Low Low ~ Low Low Low’ Low 
PCR4 0 0 1 ] 1 1 
PDR4 1 0 0 0 0 0 0 0 


Execution of BCLR Instruction 
BCLR #0 £@PCR4 ; clear bit 0 in PCR4 
After Execution of BCLR Instruction 


P47 P46 P45 P44 P43 P42 P41 P40 
Input/output Output Output Output Output Output Output Output Input 


Pin state Low High Low Low ~ Low Low Low High 
PCR4 1 1 1 1 1 1 l 0 
PDR4 ft 0 0 0 0 O _ 0 0 
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Explanation: To execute the BCLR instruction, the CPU begins by reading PCR4. Since 
PCR4 is a write-only register, it is read as H'FF, even though its true value is H'3F. 


Next the CPU clears bit 0 of the read data, changing the value to H'FE. 
Finally, the CPU writes this value (H'FE) back to PCR4 to complete the BCLR instruction. 


As aresult, bit 0 in PCR4 is cleared to 0, making P40 an input pin. In addition, bits 7 and 6 in 
PCR4 are set to 1, making P47 and P46 output pins. 


Example 2: BSET is executed to set bit 0 in the port 4 port data register (PDR4) under the 
following conditions. | 

P47: Input pin, Low 

P4e: Input pin, High 

P45—P40: Output pins, Low 

The intended purpose of this BSET instruction is to switch the output level at P40 from Low to 
High. 


Before Execution of BSET Instruction 


P47 P46 P4s P44 P43 P42 P41 P40 
Input/output Input Input Output Output Output Output Output Output 


Pin state Low High Low Low Low Low Low’ Low 
PCR4 0 0 1 1 l 1 ] ] 
PDR4 1 0 0 0 0 0 (0 0 


Execution of BSET Instruction 


BSET #0 @PDR4 ; set bit O in port 4 port data register 
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After Execution of BSET Instruction 


P47 P46 P45 P44 P43 P42 P41 P40 
Input/output Input Input Output Output Output Output Output Output 


Pin state Low High Low Low — Low Low Low _ High 
PCR4 0 0 1 1 ] 1 1 1 
PDR4 0 l 0 0 0 0 0 1 


Explanation: To execute the BSET instruction, the CPU begins by reading port 4. Since P47 
and P46 are input pins, the CPU reads the level of these pins directly, not the value in the port 
data register. It reads P47 as Low (0) and P46 as High (1). 


Since P45 to P40 are output pins, for these pins the CPU reads the value in PDR4. The CPU 
therefore reads the value of port 4 as H'40, although the actual value in PDR4 is H'80. 


Next the CPU sets bit 0 of the read data to 1, changing the value to H'41. 
Finally, the CPU writes this value (H'41) back to PDR4 to complete the BSET instruction. 


As aresult, bit 0 in PDR4 is set to 0, switching pin P40 to High output. However, bits 7 and 6 
in PDR4 change their values. 


1.3.3 Basic Instruction Formats 


(1) Format of Data Transfer Instructions 


Figure 1-5 shows the format used for data transfer instructions. 


MOV 


Rm— Rn 


a 
o1 
©o 
N 
© 


= 
3 
= 


_, 
O1 
oO 
| 
© 


Rn — @Rm,or@Rm — Rn 


= 
= 
td 
; 
= 


@(d:16, Rm) — Rn, or 
Rn > @(d:16, Rm) 


@Rm+ — Rn,orRn — @-Rm 


@aa's — Rn,orRn — @aa:8 


@aa:16 — Rn,or 
Rn — @aa:16 


#xx:8 — Rn 


— 
Ol 
© 
| 


#xXx:16 — Rn 


= 
> 
a P| 


= 


POP, PUSH 


Notation 
Operation field 
Register field 
Displacement 
Absolute address 
Immediate data 





Figure 1-5. Instruction Format of Data Transfer Instructions 
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(2) Format of Arithmetic, Logic Operation, and Shift Instructions 


Figure 1-6 shows the format used for arithmetic, logic operation, and shift instructions. 


Notation 

op: Operation field 
Cm Fn: Register field 
IMM: Immediate data 


ADD, SUB, CMP (Rm) 
ADDX, SUBX (Rm) 


ADDS, SUBS, INC, DEC, DAA, 
DAS, NEG, NOT 


MULXU, DIVXU 


ADD, ADDX, SUBX, CMP 
(#xx:8) 


AND, OR, XOR (Rm) 


AND, OR, XOR (#xx:8) 


SHAL, SHAR, SHLL, SHLR, 
ROTL, ROTR, ROTXL, ROTXR 





Figure 1-6. Instruction Format of Arithmetic, Logic, and Shift Instructions 
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(3) Format of Bit Manipulation Instructions 


Figure 1-7 shows the format used for bit manipulation instructions. 


15 8 7 0 BSET, BCLR, BNOT, BTST 
Operand: register cirect (Fn 
. Bit No.: immediate (#xx:3) 
15 8 7 
-  e §ODs -.. abe oii - ae Operand: register direct (Rn) 
Bit No.: register direct (Rm) 
15 8 7 
a a ee Operand: register indirect (@Rn) 


<= 
= 
ro) alo 
ro) o]o 5 
alo 
olo 
ro) ro) ro) 


Bit No.: immediate (#xx:3) 


15 8 7 

[Sd ee OOOO | — Operands: register indirect (@Fin) 
PC tm Bit No.: register direct (Rm) 

—15 8 7 0 

Ln, OP abs. Operand: absolute (@aa:8) 
ee OO Bit No.: immediate (#xx:3) 

15 8 7 0 


15 


pop 


NI 
3 


Operand: absolute (@aa:8) 
Bit No.: register direct (Rm) 


Oo 


BAND, BOR, BXOR, BLD, BST 
Operand: register direct (Rn) 
Bit No.: immediate (#xx:3) 


cn) i) 
© “~~ io) 
=) 

>) 
jon) 
oO fon) 


15 oF 

Po pti—(<‘“‘<‘i;*i‘(‘i‘i 00 Operand: register indirect (@Rn) 
a ee Bit No.: immediate (#xx:3) 
15 8 7 0 

aT: ee abs. Operand: absolute (@aa:8) 
pO PM 0000 | Bit No.: immediate (#xx:3) 
Notation 

op: Operation field 

tm tn: Register field 

abs. Absolute address 

IMM: Immediate data 


Figure 1-7. Instruction Format of Bit Manipulation Instructions 
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BIAND, BIOR, BIXOR, BILD, BIST 
Operand: register direct (Rn) 
Bit No.: immediate (#xx:3) 


Operand: register indirect (@Rn) 
Bit No.: immediate (#xx:3) 


Operand: absolute (@aa:8) 
Bit No.: immediate (#xx:3) 


Operation field 
Register field 
Absolute address 
Immediate data 





Figure 1-7. Instruction Format of Bit Manipulation Instructions (Cont.) 
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(4) Format of Branching Instructions 
Figure 1-8 shows the format used for branching instructions. 





—s 
ol 
© 
N 
© 


Bcc 





©) 





—) 


15 8 7 





000 JMP (@Rm) 


, 
: 


_ 
O1 
©O 
NSN 
fo) 


JMP (@aa:16) 






15 8 7 0 

IMP (@@aa8) 

15 8 7 0 

lp isp BSR 

15 8 7 0 

a re OO” JSR (@Rm) 

15 8 7 0 

Pr JSR (@aa:16) 
abs 

15 8 7 0 

JSR (@@aa’8) 

15 8 7 - 3 0 

RTS 





Notation 

op: Operation field 
CC: Condition field 
rm: Register field 
disp.: Displacement 


abs.: Absolute address 





Figure 1-8. Instruction Format of Branching Instructions 
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(5) Format of System Control Instructions 
Figure 1-9 shows the format used for system control instructions. 


RTE, SLEEP, NOP 


LDC, STC (Rn) 


ANDC, ORC, XORC, LDC 
(#Xx:8) 


Notation 

op: Operation field 
In: Register field 
IMM: Immediate data 





Figure 1-9. Instruction Format of System Control Instructions 


(6) Format of Block Data Transfer Instruction 
Figure 1-10 shows the format used for the block data transfer instruction. 


EEPMOV 





Figure 1-10. Instruction Format of Block Data Transfer Instruction 
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1.3.4 Addressing Modes and Effective Address Calculation 


Table 1-10 lists the eight addressing modes and their assembly-language notation. Each 


instruction can use a specific subset of these addressing modes. 


Arithmetic, logic, and shift instructions use register direct addressing (1). The ADD.B, 
ADDX, SUBX, CMP.B, AND, OR, and XOR instructions can also use immediate addressing 


(6). 


The MOV instruction uses all the addressing modes except program-counter relative (7) and 
memory indirect (8). 


Bit manipulation instructions use register direct (1), register indirect (2), or absolute (5) 
addressing to identify a byte operand and 3-bit immediate addressing to identify a bit within 
the byte. The BSET, BCLR, BNOT, and BTST instructions can also use register direct 
addressing (1) to identify the bit. 


Table 1-10. Addressing Modes 


No. Mode Notation 
(1) Register direct Rn 
(2) Register indirect @Rn 
(3) Register indirect with 16-bit displacement @(d:16, Rn) 
(4) Register indirect with post-increment @Rn+ 
Register indirect with pre-decrement @-—Rn 
(5) Absolute address (8 or 16 bits) @aa:8, @aa:16 
(6) Immediate (3-, 8-, or 16-bit data) #xx:3, #xx:8, #xx:16 
(7) PC-relative (8-bit displacement) @(d:8, PC) 


(8) Memory indirect | @@aa:8 


(1) Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit 
general register containing the operand. In most cases the general register is accessed as an 8- 
bit register. Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 
bits), and DIVXU (16 bits + 8 bits) instructions have 16-bit operands. 


(2) Register indirect—@Rn: The register field of the instruction specifies a 16-bit general 


register containing the address of the operand. 


26 


(3) Register Indirect with Displacement—@(d:16, Rn): This mode, which is used only in 
MOV instructions, is similar to register indirect but the instruction has a second word (bytes 3 
and 4) which is added to the contents of the specified general register to obtain the operand 
address. For the MOV.W instruction, the resulting address must be even. 


(4) Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @-Rn: 

¢ Register indirect with post-increment—@Rn+ 
The @Rn+ mode is used with MOV instructions that load registers from memory. 
It is similar to the register indirect mode, but the 16-bit general register specified in the 
register field of the instruction is incremented after the operand is accessed. The size of 
the increment is 1 or 2 depending on the size of the operand: 1 for a byte operand; 2 fora 
word operand. For a word operand, the original contents of the 16-bit general register 
must be even. 

¢ Register indirect with pre-decrement—@-Rn 
The @—Rn mode is used with MOV instructions that store register contents to memory. 
It is similar to the register indirect mode, but the 16-bit general register specified in the 
register field of the instruction is decremented before the operand is accessed. The size of 
the decrement is 1 or 2 depending on the size of the operand: 1 for a byte operand; 2 for a 
word operand. For a word operand, the original contents of the 16-bit general register 


must be even. 


(5) Absolute Address—@aa:8 or @aa:16: The instruction specifies the absolute address of 
the operand in memory. The @aa:8 mode uses an 8-bit absolute address of the form H'FFxx. 
The upper 8 bits are assumed to be 1, so the possible address range is H'FFOO to H'FFFF 
(65280 to 65535). The MOV.B, MOV.W, JMP, and JSR instructions can use 16-bit absolute 
addresses. 


(6) Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand in its second 
byte, or a 16-bit operand in its third and fourth bytes. Only MOV.W instructions can contain 
16-bit immediate values. 

The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediate data. 
Some bit manipulation instructions contain 3-bit immediate data (#xx:3) in the second or 


fourth byte of the instruction, specifying a bit number. 
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(7) PC-Relative—@(d:8, PC): This mode is used to generate branch addresses in the Bcc 
and BSR instructions. An 8-bit value in byte 2 of the instruction code is added as a sign- 
extended value to the program counter contents. The result must be an even number. The 
possible branching range is —126 to +128 bytes (—63 to +64 words) from the current address. 


(8) Memory Indirect—@@aa:8: This mode can be used by the JMP and JSR instructions. 
The second byte of the instruction code specifies an 8-bit absolute address from H'0000 to 
H'OOFF (0 to 255). Note that the initial part of the area from H'Q000 to H'OOFF contains the 
exception vector table. See the applicable hardware manual for details. The word located at 
this address contains the branch address. 


If an odd address is specified as a branch destination or as the operand address of a MOV.W 
instruction, the least significant bit is regarded as 0, causing word access to be performed at 
the address preceding the specified address. See the memory data structure description in 


section 1.1.2, Data Structure. 


Effective Address Calculation 
Table 1-11 explains how the effective address is calculated in each addressing mode. 


Table 1-11. Effective Address Calculation (1) 


Addressing mode, Effective address Effective 
No. instruction format | calculation address 
1 Register direct Rn None 
3 0 3 0 





15 87 43 0 


[op | ream] ream 





Operands are contained in 
registers m and n 


2 Register indirect @Rn 





Operand is at address 
indicated by register 
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Table 1-11. Effective Address Calculation (2) 


5 


Addressing mode, Effective address Effective 
instruction format calculation address 


Register indirect with displacement 
@(d:16, Rn) 


15 0 


16-bit register contents 
15 16,49 0 — 






15 0 


[ 


Operand address is sum 
of register contents and 
displacement 






Register indirect with pre-decrement 
@-Rn 
its: 0 


16-bit register contents 


Register is decremented 
before operand access 











Register indirect with post-increment 







@Rn+ 
15 o 8615 : 
15 76 
Bede dea Register is incremented 
after operand access 
* 1 for a byte operand, 
2 for a word operand 
Absolute address None 
@aa:8 
15 87 0 





Operand address is in range 
from H'FFO0 to H'FFFF 


Absolute address 


@aa:16 
15 0 » 
abs 
Any address 
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Table 1-11. Effective Address Calculation (3) 


Addressing mode, | Effective address Effective 
No. instruction format calculation address 
6 Immediate #xx:8. None 


Operand is 1-byte 
immediate data 


ef 
co 
NI 
= 
= 


Immediate #xx:16 None 


15 0 | 
POR | Opemnidis ove 


7 ~~ PC-relative @(d:8, PC) 


Destination address 





8 Memory indirect @@aa:8 






H'00 


15 0 15 0 
16-bit memory contents [| 
Destination address 


reg, regm, regn: General register 


op: Operation field 
disp: Displacement 
abs: Absolute address 
IMM: Immediate data 
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Section 2. Instruction Set 
2.1 Explanation Format 


Section 2 gives full descriptions of all the H8/300L Series instructions, presenting them in 
alphabetic order. Each instruction is explained in a table like the following: 


ADD (add binary) (byte) ; ADD 


Operation Condition Code 


Rd + (EAs) — Rd N ZV C 


Previous value remains unchanged. 


Assembly-Language Format 
ADD.B <EAs>, Rd 


—_ 


H: Set to 1 when there is a carry from bit 3; 
Operand Size otherwise cleared to QO. 
Byte N: Set to 1 when the result 1s negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 
C: Set to 1 when there is a carry from bit 7; 


otherwise cleared to 0. 


Description 
This instruction adds the source operand to the contents of an 8-bit general register and places 


the result in the general register . 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. Operands as 
1st hk end byte | 3rdbyte | 4th byte 


immediate | ADd.8 | #ocs.d |@ id | mM | || 2 
Register direct | ADD.B ors [os fe twp pp 












Addressing 
mode 
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The parts of the table are explained below. 


Name: The full and mnemonic names of the instruction are given at the top of the page. 


Operation: The instruction is described in symbolic notation. The following symbols are used. 


Symbol Meaning 

Rd General register (destination)* 
Rs General register (source)* 

Rn General register* 

<EAd> Destination operand 

<EAs> Source operand 

PC Program counter 

SP Stack pointer 

CCR Condition code register 

N N (negative) flag of CCR 

ZL Z (zero) flag of CCR 

V V (overflow) flag of CCR 

C C (carry) flag of CCR 

disp Displacement 

> Transfer from left operand to right operand; or state transition from left state to 


right state. 


+ Addition 

— Subtraction 

x Multiplication 

+ Division 

A AND logical 

V OR logical 

o- Exclusive OR logical 

= Inverse logic (logical complement) 
()<> Contents of operand effective address 


* General registers are either 8 bits (ROH/ROL - R7H/R7L) or 16 bits (RO - R7). 


Assembly-Language Format: 

The assembly-language coding of ADD. B <EAs>, Rd 
the instruction is given. An Mnemonic Size Source Destination 
example is: 
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The operand size is indicated by the letter B (byte) or W (word). Some instructions have 


restrictions on the size of operands they handle. 


The abbreviation EAs or EAd (effective address of source or destination) is used for operands 
that permit more than one addressing mode. The H8/300L CPU supports the following eight 
addressing modes. The method of calculating effective addresses is explained in section 1.3.4, 
Addressing Modes and Effective Address Calculation, above. 


Notation Addressing Mode 

Rn Register direct 

@Rn Register indirect 

@(d:16, Rn) Register indirect with displacement 

@Rn+/@ —Rn Register indirect with post-increment/pre-decrement 
@aa:8/@aa:16 Absolute address 

#XX:8/#Xx:16 Immediate 

@(d:8, PC) Program-counter relative 

@@aa:8 Memory indirect 


Operand size: Word or byte. Byte size is indicated for bit-manipulation instructions because 
these instructions access a full byte in order to read or write one bit. 


Condition code: The effect of instruction execution on the flag bits in CCR is indicated. The 


following notation is used: 


Symbol Meaning 
{ The flag is altered according to the result of the instruction. 
Q The flag is cleared to "0." 
— The flag is not changed. 
* Not fixed; the flag is left in an unpredictable state. 


Description: The action of the instruction is described in detail. 
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Instruction Formats: Each possible format of the instruction is shown explicitly, indicating 
the addressing mode, the object code, and the number of states required for execution when the 
instruction and its operands are located in on-chip memory. The following symbols are used: 


Symbol Meaning 


Imm. Immediate data (3, 8, or 16 bits) 
abs. An absolute address (8 bits or 16 bits) 
disp. Displacement (8 bits or 16 bits) 


Ys, fd, fn General register number (3 bits or 4 bits) The s, d, and n correspond to the letters 
in the operand notation. 


Register Designation: 16-bit general registers are indicated by a 3-bit rs, rd, or mn value. 8-bit 
registers are indicated by a 4-bit rs, rd, orm value. Address registers used in the @Rn, 
@(disp:16, Rn), @Rn+, and @—Rn addressing modes are always 16-bit registers. Data 
registers are 8-bit or 16-bit registers depending on the size of the operand. For 8-bit registers, 
the lower three bits of rs, rd, or rn give the register number. The most significant bit is 1 if the 
lower byte of the register is used, or 0 if the upper byte is used. Registers are thus indicated as 


follows: 
16-Bit register 8-Bit registers 
rs, rd, OF rn I's, Fd, OF rn Register 
Register 0000 ROH 
000 RO 0001 R1H 
001 Rl : 
O111 R7H 
111 R7 1000 ROL 
1001 RIL 
1111 R7L 


Bit Data Access: Bit data are accessed as the n-th bit of a byte operand in a general register or 
memory. The bit number is given by 3-bit immediate data, or by a value in a general register. 
When a bit number is specified in a general register, only the lower three bits of the register are 


significant. Two examples are shown below. 
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BSET RIL, R2H 


Bit number = 3 


R2H cd, “ale OO) dks a 


Bit 3 is set to 1 


BLD #5, @H'FFO2:8 


Bit No. 5 






H'FFO2 10100110 
Loaded to C (carry) 
flag in CCR G 


The addressing mode and operand size apply to the register or memory byte containing the bit. 


Number of States Required for Execution: The number of states indicated is the number 
required when the instruction and any memory operands are located in on-chip ROM or RAM. 
If the instruction or an operand is located in external memory or the on-chip register field, 


additional states are required for each access. See section 2.5, Number of Execution States. 
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2.2 Instructions 


2.2.1 (1) ADD (add binary) (byte) 


Operation 
Rd + (EAs) > Rd 


Assembly-Language Format 
ADD.B <EAs>, Rd 


Operand Size 
Byte 


Description 


ADD 


Condition Code 


I N Z V C 


H 
—|—|t |—[s [2 [2] 


Previous value remains unchanged. 


: Set to 1 when there is a carry from bit 3; 


otherwise cleared to 0. 


; Set to 1 when the result is negative; 


otherwise cleared to 0. 


: Set to 1 when the result is zero; 


otherwise cleared to 0. 


: Set to 1 when an overflow occurs; 


otherwise cleared to 0. 


: Set to 1 when there is a carry from bit 7; 


otherwise cleared to 0. 


This instruction adds the source operand to the contents of an 8-bit general register and places 


the result in the general register . 


Instruction Formats and Number of Execution States 


Addressing 
mode Mnem Operands 


Immediate ADD.B #xx:8, Rd 
Register direct | ADD.B /Rs, Rd 





Instruction code 
| No. of 
1st byte | 2ndbyte | 3rdbyte | 4thbyte | “es 
ele) mw || 
| 
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2.2.1 (2) ADD (add binary) (word) 


Operation 
Rd+Rs — Rd 


Assembly-Language Format 
ADD.W Rs, Rd 


Operand Size 
Word 


Description 


ADD 


Condition Code 


—_ 


N Z V C 


Previous value remains unchanged. 


: Set to 1 when there is a carry from bit 


11; otherwise cleared to 0. 


: Set to 1 when the result is negative; 


otherwise cleared to 0. 

Set to 1 when the result is zero; 
otherwise cleared to 0. 

Set to 1 when an overflow occurs; 
otherwise cleared to 0. 

Set to 1 when there is a carry from bit 


15; otherwise cleared to 0. 


This instruction adds word data in two general registers and places the result in the second 


general register. 


Instruction Formats and Number of Execution States 










Addressing 
mode 
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1st byte | 2ndbyte | 3rdbyte | 4th pn =laiee 


Instruction code 
No. of 


2.2.2 ADDS (add with sign extension) ADDS 


Operation Condition Code 
Rd+1-—Rd N ZzZve 


—— oe RET 


Assembly-Language Format 


I: Previous value remains unchanged. 
ADDS #1, Rd . 
H: Previous value remains unchanged. 
ADDS #2, Rd ; 
N: Previous value remains unchanged. 
: Z: Previous value remains unchanged. 
Operand Size 
V: Previous value remains unchanged. 
Word | 
C: Previous value remains unchanged. 
Description 


This instruction adds the immediate value 1 or 2 to word data in a general register. Unlike the 


ADD instruction, it does not affect the condition code flags. 


Instruction Formats and Number of Execution States 






Addressing Instruction code 


mode 
2nd byte | 3rdbyte | 4th byte tai 





Note: This instruction cannot access byte-size data. 
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2.2.3 ADDX (add with extend carry) 


Operation 
Rd + (EAs) + C > Rd 


Assembly-Language Format 
ADDX <EAs>, Rd 


Operand Size 
Byte 


Description 


ADDX 
Condition Code 
N ZV C 


Previous value remains unchanged. 


— 


H: Set to 1 if there is a carry from bit 3; 
otherwise cleared to 0. 

N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 

C: Set to 1 when there is a carry from bit 7; 
otherwise cleared to 0. 


This instruction adds the source operand and carry flag to the contents of an 8-bit general 


register and places the result in the general register. 


Instruction Formats and Number of Execution States 








Addressing 
mode 






a oe ee ee 
{stbyte | 2nd ae 3rd er Ath ae tai 


9 fd 
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Instruction code 





2.2.4 AND (AND logical) AND 


Operation Condition Code 

Rd a (EAs) — Rd | I H N 7 V C¢ 
pelea et elo) 
Assembly-Language Format 

AND <EAs>, Rd 


I; Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 


otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 
_ This instruction ANDs the source operand with the contents of an 8-bit general register and 


places the result in the general register. 


Instruction Formats and Number of Execution States 


Addressing Instruction code 
mode Mnem. | Operands 


3rd byte | 4th byte 
Immediate ae 


Register direct 
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2.2.5 ANDC (AND control register) 


Operation 
CCR a #IMM-—> CCR 


Assembly-Language Format 
ANDC #xx:8, CCR 


Operand Size 
Byte 


Description 


ANDC 
Condition Code 


Ne OZ. VC 


I H 


ANDed with bit 7 of the immediate data. 
: ANDed with bit 5 of the immediate data. 
: ANDed with bit 3 of the immediate data. 
ANDed with bit 2 of the immediate data. 
ANDed with bit 1 of the immediate data. 
ANDed with bit 0 of the immediate data. 


Q<sN 242 5 


This instruction ANDs the condition code register (CCR) with immediate data and places the 


result in the condition code register. Bits 6 and 4 are ANDed as well as the flag bits. 


No interrupt requests are accepted immediately after this instruction. All interrupts, including the 


nonmaskable interrupt (NMJ), are deferred until after the next instruction. 


Instruction Formats and Number of Execution States 







Addressing 
mode 


Immediate 





Instruction code No. of 
Mnem. Operands bean 
ist byte | 2ndbyte | 3rdbyte | 4th byte | 


4] 






2.2.6 BAND (bit AND) 


Operation 
C A (<Bit No.> of <EAd>) — C 


Assembly-Language Format 
BAND #xx:3, <EAd> 


Operand Size 
Byte 


Description 


BAND 


Condition Code 
N ZV C 


Previous value remains unchanged. 
: Previous value remains unchanged. 
: Previous value remains unchanged. 
Previous value remains unchanged. 
Previous value remains unchanged. 
ANDed with the specified bit. 


Q24N 2a 


This instruction ANDs a specified bit with the carry flag and places the result in the carry flag. 


The specified bit can be located in a general register or memory. The bit number is specified by 


3-bit immediate data. The operation is shown schematically below. 


<EAd>*-— Byte data in register or memory 


The value of the specified bit is not changed. 





7 #XX:3 


At [ec 





Instruction Formats and Number of Execution States 











Instruction | Instructioncode 
Addressin 
mode 9 Mnem. | Operands a... ee Pe 
1st pe end ge 3rd byte | 4th byte 
Register direct | BAND [#ixx, Re ao Soe 















6 
C 
E 


Register indirect ry #xx:3,@Rd a 0: rd Coes 0 
Absolute address | BAND | #xXx:3,@aa:8 








* Register direct, register indirect, or absolute addressing. 


2.2.7 Bee (branch conditionally) 


Operation 
If cc then 
PC + d:8 — PC 


else next; 


Assembly-Language Format 


Bec d:8 
Cs Condition code field 


(For mnemonics, see the table on the 


next page.) 


Operand Size 
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Bec 


Condition Code 


QiN 22 


N -% V€ 


Previous value remains unchanged. 


: Previous value remains unchanged. 


: Previous value remains unchanged. 


Previous value remains unchanged. 
Previous value remains unchanged. 


Previous value remains unchanged. 


Bec (branch conditionally) Bec 
Description | 

If the specified condition is false, this instruction does nothing; the next instruction is 
executed. If the specified condition is true, a signed displacement is added to the address of 
the next instruction and execution branches to the resulting address. 

The displacement is a signed 8-bit value which must be even. The branch destination address 
can be located in the range —126 to +128 bytes from the address of the Bcc instruction. 


The applicable conditions and their mnemonics are given below. 


Always (True) Always true 

Never (False) Never 

High CvZ=0 X > Y (Unsigned) 
Low or Same X< Y (Unsigned) 


Carry Clear X 2 Y (Unsigned) 
(High or Same) 


Carry Set (Low) xX < Y (Unsigned) 


Not Equal X # Y (Signed or 
unsigned) 
Equal X= Y (Signed or 
unsigned) 


Overflow Clear | V 
Overflow Set Vv 
Plus N 

N 


Minus at | 


Greater or Equal | N@ V=0 X= Y (Signed) 
Less Than NoeV=l1 Xx < Y (Signed) 
Greater Than ZvV(N@®V)=0 |X>Y (Signed) 
Less or Equal ZV(N@®V)=1 |XSY (Signed) 





BT, BF, BHS, and BLO are synonyms for BRA, BRN, BCC, and BCS, respectively. 
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Bec (branch conditionally) Bcc 












Instruction Formats and Number of Execution States 
Adressing 


Instruction code No . of 
Mnem. | Operands 
mode 1st byte 2nd byte 3rd byte 4th byte | states 
4 


PCrelaive [BRAG | ae | 4 io | disp 








4 : 0 
PCrolative |BRN(F) | 48 | 4 £1 | disp 
PCrelative [BHI | de | 4 2 2 | disp 
PCrelative [ers | a8 | 4 1 3 | disp 
PC relative IBCC(BHS)|_ 8 | disp. 


PC relative B 
PC relative B 
PC relative 

B | disp. 


PC relative 


p47 | disp, | 
4 ia | disp 


PC relative 


PC relative /BCS(BLO)| a8 


| disp. 
p44 io | disp 
| isp. | 
L_disp 


PC relative 


PC relative 


A TF TR PRR FR TR TR PR TR FR FR TR 


PC relative 


: 


TIMIO ITO ]W [TYP [oO JO IN | O]O JA [OO [Pr 


PC relative 








NE | 8 
EQ | ds 

pvc | da 
vs | ds 

pL | 
Lees 

pce |e 
et | ds 
ee 
pe | 


i 


PC relative 








* The branch address must be even. 


45 


2.2.8 BCLR (bit clear) BCLR 


Operation Condition Code 


0 > (<Bit No.> of <EAd>) se. ae ae 


Assembly-Language Format 


BCLR #xx:3, <EAd> I; Previous value remains unchanged. 
BCLR Rn, <EAd> | H: Previous value remains unchanged. 
N: Previous value remains unchanged. 
Operand Size Z: Previous value remains unchanged. 
Byte V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction clears a specified bit in the destination operand to 0. The bit number can be 
specified by 3-bit immediate data, or by the lower three bits of an 8-bit general register. The 
destination operand can be located in a general register or memory. 

The specified bit is not tested before being cleared. The condition code flags are not altered. 


#xXx:3 or Rn— 
Bit No. 7 | 


<EAd>*— Byte data in register or memory 


* Register direct, register indirect, or absolute addressing. 
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BCLR (bit clear) 
Instruction Formats and Number of Execution States 


Instruction code 
Mnem. | Operands 
1st byte 2ndbyte | 3rd byte 4th byte 





Addressing 
mode 
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2.2.9 BIAND (bit invert AND) BIAND 
Operation Condition Code 
Ca[ — (<Bit No.> of <EAd>)] ~ C I N ZV eC 


H 
—|—|—|—|—]~]-] + | 


Assembly-Language Format 


BIAND #xx:3, <EAd> I: Previous value remains unchanged. 

H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
Byte Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: .ANDed with the inverse of the specified 

bit. 

Description 


This instruction ANDs the inverse of a specified bit with the carry flag and places the result in 
the carry flag. The specified bit can be located in a general register or memory. The bit 


number is specified by 3-bit immediate data. The operation 1s shown schematically below. 


BitNe:, 7 7 0 
<EAd>*— Byte data in register or memory 


Te 


The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Addressing - 
mode Mnem. | Operands 


Register direct BIAND | #xx:3, Rd 7 
Register indirect | BIAND | #xx:3,@Rd ! 1IMM 0 
11IMM 0 6 





* Register direct, register indirect, or absolute addressing. 
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2.2.10 BILD (bit invert load) 
Operation 
— (<Bit No.> of <EAd>) ~ C 


BILD 
Condition Code 


N Z V C 


I H 
— |—|—|—|~]—|—| + 


Previous value remains unchanged. 


Assembly-Language Format 
BILD #xx:3, <EAd> 

l ; 
Operand Size Previous value remains unchanged 


Byte : Previous value remains unchanged. 
y 


Previous value remains unchanged. 


Previous value remains unchanged. 


Q<xN22 5° 


Loaded with the inverse of the specified 
bit. 


Description 
This instruction loads the inverse of a specified bit into the carry flag. The specified bit can be 
located in a general register or memory. The bit number is specified by 3-bit immediate data. 


The operation is shown schematically below. 


Bit No. 
<EAd>*— Byte data in register or memory 





The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Addressing Instruction code 
mode Mnem. | Operands 


Register direct BILD |#xx:3, Rd 
Register indirect | BILD |#xx:3,@Rd 
Absolute address} BILD | #xx:3,@aa:8 





* Register direct, register indirect, or absolute addressing. 
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2.2.11 BIOR (bit invert inclusive OR) = BIOR 
Operation Condition Code 
C v [F (<Bit No.> of <EAd>)] > C I N ZV C¢ 


H 
—|—|—|—|~|—|-] ¢ 


Previous value remains unchanged. 


Assembly-Language Format 
BIOR #xx:3, <EAd> 
Operand Size : Previous value remains unchanged. 


Bye : Previous value remains unchanged. 


Previous value remains unchanged. 


: Previous value remains unchanged. 


O<dN 2 mr 


: ORed with the inverse of the specified 
bit. 


Description 

This instruction ORs the inverse of a specified bit with the carry flag and places the result in 
the carry flag. The specified bit can be located in a general register or memory. The bit 
number is specified by 3-bit immediate data. The operation is shown schematically below. 


BitNo. 7 "8 
<EAd>*-— Byte data in register or memory 


Invert 


O60: 


The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands ae 
1st byte | 2nd byte 3rd byte | 4th byte 


anes [wen eee le 4 a at 
Register indirect | BIOR |#xx:3,@Rd 11 IMM 0 
Absolute address| BIOR  |#xx:3,@aa:8 ar ti IMM 0 










Addressing 
mode 















* Register direct, register indirect, or absolute addressing. 
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2.2.12 BIST (bit invert store) BIST 
Operation Condition Code 

=~CO> (<Bit No.> of <EAd>) N 7,oNV C 
Assembly-Language Format 

BIST #xx:3, <EAd> 


I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Previous value remains unchanged. 

Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: Previous value remains unchanged. 
Description 


This instruction stores the inverse of the carry flag to a specified bit location in a general register 
or memory. The bit number is specified by 3-bit immediate data. The operation is shown 


schematically below. 


BitNo. 7 Sy 0 
<EAd>* — Byte data in register or memory 
of |} Invert 


The values of the unspecified bits are not changed. 


Instruction Formats and Number of Execution States 


dissect us code No. of 
Mnem. | Operands No.of | 
2nd oe 3rd 4th byte 


Register direct BIST | #xx:3, Rd CaEStT a rd ss 
Absolute address| BIST |#x3@aae|7 | F aa i a 











Addressing 
mode 










* Register direct, register indirect, or absolute addressing. 
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2.2.13 BIXOR (bit invert exclusive OR) | BIXOR 
Operation Condition Code 


C ® [= (<Bit No.> of <EAd>)]| ~> C I H N ZV C 


Assembly-Language Format 


BIXOR #xx:3, <EAd> I: Previous value remains unchanged. 

H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
Byte Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: Exclusive-ORed with the inverse of the 

specified bit. 

Description 


This instruction exclusive-ORs the inverse of a specified bit with the carry flag and places the 
result in the carry flag. The specified bit can be located in a general register or memory. The 


bit number is specified by 3-bit immediate data. The operation is shown schematically below. 


BitNo. 7 #**37] 0 


<EAd>* — Byte data in register or memory 


Invert 
{j-O 
The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Addressing Instruction code 
mode Mnem. | Operands 
1st byte | 2nd byte 3rd byte | 4th byte 
Register direct IXOR | #xx:3, Rd 
Register indirect | BIXOR |#xx:3,@Rd | 5 |t1IMM 0 
3,@aa: 5 }1iIMM 0 





Absolute address| BIXOR |#xx:3,@aa:8 


* Register direct, register indirect, or absolute addressing. 
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2.2.14 BLD (bit load) BLD 
Operation Condition Code 
(<Bit No.> of <EAd>) > C I N ZV C 


H 
— |—|—|—|—|—]|~] 2 | 


Assembly-Language Format 


BLD #xx:3, <EAd> I: Previous value remains unchanged. 
H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
Byte Z: Previous value remains unchanged. 
V: Previous value remains unchanged. 
C: Loaded with the specified bit. 
Description 


This instruction loads a specified bit into the carry flag. The specified bit can be located in a 
general register or memory. The bit number is specified by 3-bit immediate data. The operation 
is shown schematically below. 


BitNo. 7 #87] 0 


<EAd>*— Byte data in register or memory 


The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. ; Operands ee 
1st byte | 2nd byte 3rd byte | 4th byte 


| I 
Register direct #xx:3, Rd 0 IMM! rd eS 
; 






Addressing 
mode 










* Register direct, register indirect, or absolute addressing. 
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2.2.15 BNOT (bit NOT) | | BNOT 
Operation | Condition Code 
— (<Bit No.> of <EAd>) N ZV C 


> (<Bit No.> of <BAd>) re Hf 


Assembly-Language Format 


I: Previous value remains unchanged. 
BNOT #xx:3, <EAd> . 
H: Previous value remains unchanged. 
BNOT Rn, <EAd> ‘ ; 
N: Previous value remains unchanged. 
Z: Previous value remains unchanged. 
Operand Size : , 
V: Previous value remains unchanged. 
Byte : 
y C: Previous value remains unchanged. 
Description 


This instruction inverts a specified bit in a general register or memory location. The bit 
number is specified by 3-bit immediate data, or by the lower three-bits of a general register. 


The operation is shown schematically below. 


#xx:3 or Rn 
Bit No. vA 0 


<EAd>* — Byte data in register or memory 


Invert 
The bit is not tested before being inverted. The condition code flags are not altered. 


* Register direct, register indirect, or absolute addressing. 
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BNOT (bit NOT) 
Instruction Formats and Number of Execution States 


Addressing Instruction code 
mode Mnem. | Operands 


Register direct BNOT | #xx:3, Rd 
Register indirect | BNOT | #xx:3,@Rd 


Absolute address; BNOT | #xx:3,@aa:8 


anor 
Favor [an ad 
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2.2.16 BOR (bit inclusive OR) | BOR 


Operation Condition Code 


C v (<Bit No.> of <EAd>) > C I N ZV C 


H 
—|—|—|—|—|—|—] ¢ | 


Assembly-Language Format 
BOR #xx:3, <EAd> 


I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Previous value remains unchanged. 

Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: ORed with the specified bit. 
Description 


This instruction ORs a specified bit with the carry flag and places the result in the carry flag. 
The specified bit can be located in a general register or memory. The bit number is specified 


by 3-bit immediate data. The operation is shown schematically below. 


7 #XX an) 


Bit No. 
<EAd>* — Byte data in register or memory 





The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Instruction code 
Mnem. | Operands 
1stbyte | 2ndbyte /|3rdbyte | 4thbyte 
Register direct BOR |x Rd 714. |OlIMM rd Lo! 
Register indirect | BOR _|#xx3,@Rd Lae 
Absolute address| BOR | #xx:3,@aa'8 7 $e | abs 7 ! 4 |0\IMM 0 Le | 












Addressing 
mode 





* Register direct, register indirect, or absolute addressing. 


56 


2.2.17 BSET (bit set) BSET 


Operation Condition Code 

1 > (<Bit No.> of <EAd>) N ZV Cc 
Assembly-Language Format 

BSET #xx:3,<EAd> 


I: Previous value remains unchanged. 
BSET Rn,<EAd> , , 7 

H: Previous value remains unchanged. 

N: Previous value remains unchanged. 

Operand Size . 

Z: Previous value remains unchanged. 
Byte 

V: Previous value remains unchanged. 

C: Previous value remains unchanged. 
Description 


This instruction sets a specified bit in the destination operand to 1. The bit number can be 
specified by 3-bit immediate data, or by the lower three-bits of an 8-bit general register. The 
destination operand can be located in a general register or memory. 


The specified bit is not tested before being cleared. The condition code flags are not altered. 


#xx:3 or Rn — 
Bit No. 7 | 


<EAd>* — Byte data in register or memory 


* Register direct, register indirect, or absolute addressing. 
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BSET (bit set) | | BSET 
Instruction Formats and Number of Execution States 


Instruction code 
Mnem. | Operands 
1st byte 2nd byte | 3rd byte 4th byte 
Registerdirect | BseT [wana [7 0 lam «| | | 2 
Register indirect | BSET |#xx:3,@Rd | 7 ' D 0' rd | 0 /7 10 jolmM; o | 8 
Absolute address} BSET |#xx:3,@aa:8 ! ! cimm oo | 8 | 






Addressing 
mode 













Register direct BSET Rn,Rd | 6 10 | 
Register indirect | BSET |Rn, @Rd 


Absolute address} BSET 


i 30 
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2.2.18 BSR (branch to subroutine) 
Operation 

PC > @-SP 

PC +d:8 — PC 


Assembly-Language Format 
BSR d:8 


Operand Size 


Description 


BSR 
Condition Code 


I N Z V C 


H 
— |—|—|—|—]—|—~|— 


Previous value remains unchanged. 
: Previous value remains unchanged. 
: Previous value remains unchanged. 
Previous value remains unchanged. 


Previous value remains unchanged. 


A 202 ae 


Previous value remains unchanged. 


This instruction pushes the program counter (PC) value onto the stack, then adds a specified 


displacement to the program counter value and branches to the resulting address. The program 


counter value used is the address of the instruction following the BSR instruction. 


The displacement is a signed 8-bit value which must be even. The possible branching range is 
—126 to +128 bytes from the address of the BSR instruction. 


Instruction Formats and Number of Execution States 





Addressing 
mode 


No. of 
: 
ond byte | 3rdbyte | 4thbyte | "es 
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2.2.19 BST (bit store) BST 


Operation Condition Code 

C > (<Bit No.> of <EAd>) N ZV C 
Assembly-Language Format 

BST #xx:3, <EAd> 


I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Previous value remains unchanged. 

Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: Previous value remains unchanged. 
Description 


This instruction stores the carry flag to a specified flag location in a general register or 
memory. The bit number 1s specified by 3-bit immediate data. The operation is shown 
schematically below. 


4 #XX:3 


L] 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands oe 
2nd byte 3rd byte ; 4thbyte 






Bit No. 
<EAd>*— Byte data in register or memory 












Addressing 
mode 





* Register direct, register indirect, or absolute addressing. 
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2.2.20 BTST (bit test) BTST 
Operation Condition Code 

— (<Bit No.> of <EAd>) > Z N ZV C 
Assembly-Language Format 

BTST #xx:3, <EAd> 


BTST Rn, <EAd> I: Previous value remains unchanged. 
H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
Byte Z: Set to 1 when the specified bit is zero; 
otherwise cleared to 0. 
V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction tests a specified bit in a general register or memory location and sets or clears 
the Zero flag accordingly. The bit number can be specified by 3-bit immediate data, or by the 
lower three bits of an 8-bit general register. The operation is shown schematically below. 


#xx:3 or Rn 
Bit No. 7 0 


<EAd>*— Byte data in register or memory 


Test 


The value of the specified bit is not altered. 


* Register direct, register indirect, or absolute addressing. 
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BTST (bit test) BTST 
Instruction Formats and Number of Execution States 


Addressing Instruction code 
mode _Mnem.} Operands 


Register direct BIST | #xx:3, Rd 
Register indirect | BTST |#xx:3,@Rd 


Absolute address} BIST | #xx:3,@aa:8 
Register direct BTST 


Register indirect | BTST | Rn, @Rd 
Absolute address| BTST | Rn, @aa:8 
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2.2.21 BXOR (bit exclusive OR) BXOR 
Operation Condition Code 


C @ (<Bit No.> of <EAd>) ~ C N ZV C 


I H 
—|—|—| —|~|—|—] 2. 


Assembly-Language Format 
BXOR #xx:3, <EAd> 


I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Previous value remains unchanged. 

Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 

C: Exclusive-ORed with the specified bit. 
Description 


This instruction exclusive-ORs a specified bit with the carry flag and places the result in the 
carry flag. The specified bit can be located in a general register or memory. The bit number is 
specified by 3-bit immediate data. The operation is shown schematically below. 


BitNo. 7 #8 






<EAd>*— Byte data in register or memory 


of Jel JL Je 
The value of the specified bit is not changed. 


Instruction Formats and Number of Execution States 


Instruction code Necee 
Mnem.| Operands ee 
1st byte | 2nd byte 3rd byte | 4th byte 


Register direct’ | BXOR [tend [7 15 om a| | | 2 
Absolute address! BXOR_ | #xx:3,@aa:8 7 ! 5 0 IMM: 0 Ee 
















Addressing 
mode 












* Register direct, register indirect, or absolute addressing. 
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2.2.22 (1) CMP (compare) (byte) CMP 
Operation Condition Code 


Rd — (EAs); set condition code 
N Z2 V C 


Assembly-Language Format EER EEEELE 


CMP .B <EAs>, Rd 


ce 


Previous value remains unchanged. 
H: Set to 1 when there is a borrow from bit 
Operand Size 3; otherwise cleared to 0. | 
Byte | N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 
C: Set to 1 when there is a borrow from bit 


7; otherwise cleared to O. 


Description 

This instruction subtracts an 8-bit source register or immediate data from an 8-bit destination 
register and sets the condition code flags according to the result. The destination register is not 
altered. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. Operands eaise 
1st ery 2nd byte | 3rdbyte | 4thbyte 


| 











Addressing 
mode 
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2.2.22 (2) CMP (compare) (word) CMP 


Operation Condition Code 


Rd—Rs; set condition code N ZV C 


Assembly-Language Format 
CMP .W Rs, Rd 


I; Previous value remains unchanged. 
Operand Size H: Set to 1 when there is a borrow from bit 
Word 11; otherwise cleared to 0. 


N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 

C: Set to 1 when there is a borrow from bit 


15; otherwise cleared to 0. 


Description 
This instruction subtracts a source register from a destination register and sets the condition 
code flags according to the result. The destination register is not altered. 


Instruction Formats and Number of Execution States 


Instruction code 
Mnem. Pe st byte ee 
1st istbyte end 2nd byte 3rd byte | 4th byte 





Addressing 
mode 
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2.2.23 DAA (decimal adjust add) DAA 


Operation Condition Code 
Rd (decimal adjust) > Rd N ZV C 


Previous value remains unchanged. 


OperandSize = ©. H: Unpredictable. 
Byte N: Set to 1 when the adjusted result is 


Assembly-Language Format 
DAA Rd 


an 


negative; otherwise cleared to 0. 

Z: Set to 1 when the adjusted result is zero; 
otherwise cleared to 0. 

V: Unpredictable. 

C: Set to 1 when there is a carry from bit 7; 


otherwise left unchanged. 


Description | 

When the result of an addition operation performed by the ADD.B or ADDX instruction on 4- 
bit BCD data is contained in an 8-bit general register and the carry and half-carry flags, the 
DAA instruction adjusts the result by adding H'00, H'06, H'60, or H'66 to the general register 
according to the table below. 

Valid results are not assured if this instruction is executed under conditions other than those 
stated above. | 


Status before adjustment Walue Resulting 


C flag Upper nibble Lower nibble added C flag 


| 
| 


| 


| 
| 


0 
—(0 
0 
0 
0 
0 
1 
1 
1 


a a ae ee 
| 
ee Pe ee ee 


| 

a-2 COore COOK OC CO 
a aoa ea nS 
eg eee cee ee 
oe oe ee oe GD GD ED) 


| 
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DAA (decimal adjust add) DAA 
Instruction Formats and Number of Execution States 


Instruction code Nove 
Mnem. | Operands ee 
1st rary 2nd rere 3rd byte | 4th byte 







Addressing 
mode 
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2.2.24 DAS (decimal adjust subtract) 


Operation 
Rd (decimal adjust) — Rd 


Assembly-Language Format 
DAS Rd 


Operand Size 
Byte 


Description 


DAS 
Condition Code 
N ZV C 


Previous value remains unchanged. 
H: Unpredictable. 
N: Set to 1 when the adjusted result is 


negative; otherwise cleared to 0. 

Z: Set to 1 when the adjusted result is zero; 
otherwise cleared to 0. 

V: Unpredictable. 


C: Previous value remains unchanged. 


When the result of a subtraction operation performed by the SUB.B, SUBX, or NEG 
instruction on 4-bit BCD data is contained in an 8-bit general register and the carry and half- 
carry flags, the DAA instruction adjusts the result by adding H’'00, H'FA, H'A0O, or H'9A to the 


general register according to the table below. 


Valid results are not assured if this instruction 1s executed under conditions other than those 


stated above. 


Status before adjustment 


Value Resulting 


C flag | Upper nibble Lower nibble added C flag 
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DAS (decimal adjust subtract) DAS 
Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands ae 
1Istbyte | 2ndbyte | 3rdbyte | 4thbyte 
f I 
pos | we [virjoiw,; | |e 













Addressing 
mode 


Register direct 
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2.2.25 DEC (decrement) | DEC 
Operation Condition Code 
Rd-—1—Rd I NZve 


H 
—|—|—[—]+ | |2 |— 


Previous value remains unchanged. 


Assembly-Language Format 
DEC Rd 


arel 


Operand Size 2 H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Setto 1 when the result is zero; 
otherwise cleared to 0. 
V: Set to 1 when an overflow occurs (the 
previous value in Rd was H'80); 
otherwise cleared to 0. 


C: Previous value remains unchanged. 


Description 
This instruction decrements an 8-bit general register and places the result in the general 


register. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands Sie 
1st byte 2ndbyte | 3rdbyte | 4th byte 


t 1 









Addressing 
mode 
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2.2.26 DIVXU (divide extend as unsigned) DIVXU 
Operation Condition Code 
Rd+Rs > Rd I H NZzvec 
—l-}-}~—[+ | ||| 
Assembly-Language Format 
DIVXU_ Rs, Rd 

I: Previous value remains unchanged. 


Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the divisor is negative; 


otherwise cleared to 0. 

Z: Cleared to 0 when divisor # 0; 
otherwise not guaranteed. 

V: Previous value remains unchanged. 


C: Previous value remains unchanged. 


Description 

This instruction divides a 16-bit general register by an 8-bit general register and places the 
result in the 16-bit general register. The quotient is placed in the lower byte. The remainder is 
placed in the upper byte. The operation is shown schematically below. 


Rd 
a 
Rd Rs (RdH) (RdL) 
: 
16 bits 8 bits 8 bits 8 bits 


Valid results (Rd, N, Z) are not assured if division by zero is attempted or an overflow occurs. 
Division by zero is indicated in the Zero flag. Overflow can be avoided by the coding shown 


on the next page. 


Instruction Formats and Number of Execution States 


Instruction code N | 
Mnem. | Operands Bice 





Addressing 
mode 
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DIVXU (divide extend as unsigned) 


Note: DIVXU Overflow 


DIVXU 


Since the DIVXU instruction performs 16-bit + 8-bit — 8-bit division, an overflow will occur 


if the divisor byte is equal to or less than the upper byte of the dividend. For example, H'FFFF 


+ H'01 — H'¥FFFF causes an overflow. (The quotient has more than 8 bits.) 


Overflows can be avoided by using a subprogram like the following. A work register is 


required. 


To perform 

DIVXU ROL, RI: 
MOV.B #H'00, R2H 
CMP.B ROL, R1H 
BCC Li 
DIVXU ROL, Rl 
MOV.B R1L, R2L 
BRA L2 

Ll MOV.B R1H, R2L 
DIVXU ROL, R2 
MOV.B R2H, R1H 
DIVXU ROL, Rl 
MOV.B R2L, R2H 


MOV.8 Ride Roe 


L2 RTS 


("4) 


ROL Divisor 


a 
; 1 


R1 Dividend | 


R2 H'00 —'|_—Dividend (High) | (*2) 


R1 | Partial remainder Dividend (Low) 





R2 | Partial remainder | Quotient (High) {| (°S) 





R1 Quotient (Low) 


R2 Quotient (*4) 
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2.2.27 EEPMOV (move data to EEPROM) 


Operation 
if R4L + O then 
repeat @R5+ — @R6+ 
R4L—1— R4L 
until R4L = 0 
else next; 


Assembly-Language Format 


EEPMOV 
Condition Code 


N Z V C 


I: Previous value remains unchanged. 
H: Previous value remains unchanged. 


N: Previous value remains unchanged. 





EEPMOV Z: Previous value remains unchanged. 

V: Previous value remains unchanged. 
Operand Size C: Previous value remains unchanged. 
Description 


This instruction moves a block of data from the memory location specified in general register 


R5 to the memory location specified in general register R6. General register R4L gives the 


byte length of the block. 


Data are transferred a byte ata time. After each byte transfer, RS and R6 are incremented and 


R4L is decremented. When R4L reaches 0, the transfer ends and the next instruction is 


executed. No interrupt requests are accepted during the data transfer. 
At the end of this instruction, R4L contains H'00. R45 and R6 contain the last transfer address 


+1. 


The memory locations specified by general registers R5 and R6 are read before the block 


transfer is performed. 


Instruction Formats and Number of Execution States 











Addressing 
mode 


| feepMov} 






1st ae 2nd hs 3rd byte Ath oe 
Pete fs tel ste [e + [ear 






Instruction code No. of 


* nis the initial value in R4L (0 <n < 255). Although n bytes of data are transferred, memory 


is accessed 2(n+1) times, requiring 4(n+1) states. 
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2.2.28 INC (increment) | INC 


Operation Condition Code 


Assembly-Language Format 
INC Rd 


= 


Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Set to 1 when an overflow occurs (the 
previous value in Rd was H'7F); 
otherwise cleared to 0. 


C: Previous value remains unchanged. 


Description 


This instruction increments an 8-bit general register and places the result in the general 
register. 





Instruction Formats and Number of Execution States 


Instruction code Niovbt 
Mnem. Operands states 
1st ae 2nd elas 3rd byte | 4th byte 












Addressing 
mode 





74 


2.2.29 JMP (jump) | JMP 
Operation Condition Code 


(EAd) > PC I N zvyve 


H 
—|—|—|—|—|—]|—| —' 


Assembly-Language Format 


JMP <EA> 
I: Previous value remains unchanged. 
1Z ; 
Operand Size H: Previous value remains unchanged. 
— N: Previous value remains unchanged. 
Z: Previous value remains unchanged. 
V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction branches unconditionally to a specified destination address. 


The destination address must be even. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. Operands ee 
ist byte | 2ndbyte | 3rdbyte | 4th byte 


Registerindrect jump |@Rn | 5 8 frm: of | | 
Absolute adress] IMP |@eaie | S| alo io | abe | 6 | 
ia man Jk 2 ae ES 












Addressing 
mode 
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2.2.30 JSR (Jump to subroutine) JSR 


Operation Condition Code 
PC > @-SP 


(EAd) > PC 


N Z V C 


Assembly-Language Format 


JSR <EA> I: Previous value remains unchanged. 
-H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
= Z: Previous value remains unchanged. 
V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction pushes the program counter onto the stack, then branches to a specified 
destination address. The program counter value pushed on the stack is the address of the 


instruction following the JSR instruction. The destination address must be even. 


Instruction Formats and Number of Execution States 












Instruction code 


feowwnane [an [em [some | | |e 
ee ee ee 
pers [st [oom [eo FL a | 






Addressing 
mode 
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2.2.31 LDC (load to control register) LDC 


Operation Condition Code 

(EAs) — CCR Ne Ze WV 
a FUESESESESEIES 

Assembly-Language Format 

LDC <EAs>, CCR 


I: Loaded from the source operand. 
Operand Size H: Loaded from the source operand. 
Byte N: Loaded from the source operand. 

Z: Loaded from the source operand. 

V: Loaded from the source operand. 

C: Loaded from the source operand. 
Description 


This instruction loads the source operand contents into the condition code register (CCR). Bits 
4 and 6 are loaded as well as the flag bits. 

No interrupt requests are accepted immediately after this instruction. All interrupts are 
deferred until after the next instruction. 


Instruction Formats and Number of Execution States 


Instruction | Instructioncode@ | Instructioncode hot 
Mnem. Operands states 
1st si 2nd byte 3rd a 4th par 










Addressing 
mode 
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2.2.32 (1) MOV (move data) (byte) 


Operation 
Rs > Rd 


Assembly-Language Format 
MOV.B Rs, Rd 


Operand Size 
Byte 


Description 


MOV 
Condition Code 
N ZV C€C 


I: Previous value remains unchanged. 

H: Previous value remains unchanged. 

N: Set to 1 when the data value is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 

V: Cleared to 0. 

C: Previous value remains unchanged. 


This instruction moves one byte of data from a source register to a destination register and sets 


condition code flags according to the data value. 


Instruction Formats and Number of Execution States 





Addressing 
mode 






Register direct MOV.B a 0 


1st | Astbyte 2nd byte 
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Instruction code 









3rd byte | 4thbyte 


ee ee 





2.2.32 (2) MOV (move data) (word) MOV 
Operation Condition Code 
Rs > Rd I N ZV C 


H 
—|—|—]—|¢ | Jo j— 


Assembly-Language Format 


: Previ lue remains unchanged. 
MoV.wW Rs, Rd I evious value re se s unchanged 
H: Previous value remains unchanged. 
N: Set to 1 when the data value is negative; 
Operand Size 
Word otherwise cleared to 0. 
Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Previous value remains unchanged. 
Description 


This instruction moves one word of data from a source register to a destination register and 


sets condition code flags according to the data value. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands ae 
1stbyte | 2ndbyte | 3rdbyte | 4th byte 

i] l 






Addressing 
mode 
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2.2.32 (3) MOV (move data) (byte) MOV 


Operation Condition Code | 
(EAs) > Rd N Z VC 


I H 
—|—|—|—]2 [2 Jo|— 


Previous value remains unchanged. 


Assembly-Language Format 
MOV.B <EAs>, Rd 


= 


H: Previous value remains unchanged. 


Operand Size N: Set to 1 when the data value is negative; 


Byte otherwise cleared to 0. 
Z: Set to 1 when the data value is zero; | 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Previous value remains unchanged. 
Description 


This instruction moves one byte of data from a source operand to a destination register and 
sets condition code flags according to the data value. 

The MOV.B @R7+, Rd instruction should never be used, because it leaves an odd value in the 
stack pointer. See section 3.2.3 for details. 


Instruction Formats and Number of Execution States 


Addressing 
mode 


Immediate 


Register indirect MOV.B RS, Rd 


@ 
Register indirect 
with displacement |MOV.B | @(d:16,Rs),Rd 
Register indirect 

with post-increment| MOV.B | @ 


Absolute address |MOV.B | @aa:8, Rd 
Absolute address |MOV.B |@aa:16, Rd 
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2.2.32 (4) MOV (move data) (word) | MOV 
Operation Condition Code 


(EAs) > Rd N ZV C 


I H 
—|—|—|—]¢ | 3 Jo]— 


Assembly-Language Format 
MOV.W <EAs>, Rd 


I: Previous value remains unchanged. 
«= Previous ‘value remains unchanved. 
Operand Size N: Set to 1 when the data value is negative; 
Word 


otherwise cleared to 0. 

Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 

V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 

This instruction moves one word of data from a source operand to a destination register and 
sets condition code flags according to the data value. 

If the source operand is in memory, it must be located at an even address. 

MOV.W @R74, Rd is identical in machine language to POP.W Rd. 

Note that the LSIs in the H8/300L Series contain on-chip peripheral modules for which access 


in word size is not possible. Details are given in the applicable hardware manual. 


Instruction Formats and Number of Execution States 


Instruction code N 
Mnem. | Operands Be 
1st byte | 2ndbyte | 3rdbyte | 4th byte 


of 
es 
Register indirect |MOVW|@RS,Rd | 6 |9 jolrsioird| | | 4. 


Register indirect ! me 
with displacement |MOV.W |@(d:16,Rs),Rd] 6 | F |Otrs'0'rd 


Register indirect Coe 
with post-increment| MOV.W | @Rs+, Rd Oirs '0'rd 
Absolute address {|MOV.W |@aa:16, Rd 6B =a 












Addressing 
mode 
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2.2.32 (5) MOV (move data) (byte) MOV 
Operation Condition Code | 


H 
—|—|—]—]2 [2 [o|— 


Previous value remains unchanged. 


Assembly-Language Format 
MOV.B Rs, <EAd> 


os 


H: Previous value remains unchanged. 
Operand Size N: Set to 1 when the data value is negative; 
Byte otherwise cleared to 0. | 
Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 

This instruction moves one byte of data from a source register to memory and sets condition 
code flags according to the data value. 

The MOV.B Rs, @—R7 instruction should never be used, because it leaves an odd value in the 
stack pointer. See section 3.2.3 for details. 

The instruction MOV.B RnH, @—Rn or MOV.B RnL, @—Rn decrements register Rn, then 


moves the upper or lower byte of the decremented result to memory. 


Instruction Formats and Number of Execution States 


Instruction code | No. of 
|Mnem Operands 
ath byte | Sates 


1st byte | 2ndbyte | 3rd byte 
Register indirect Rs, ! =e 

with displacement |MOV.B | @(d:16,Rd) 6 ' E |1ird! rs 

Register indirect ! bo 

with pre-decrement | MOV.B | Rs, @-Rd 6 'C Tird, rs 

Absolute address |MOV.B | Rs,@aa:16 6 ! 






Addressing 
mode 
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2.2.32 (6) MOV (move data) (word) MOV 


Operation Condition Code 


Rs > (EAd) I N ZV eC 


H 
—|—|—|—]+ | + Jo} — 


Assembly-Language Format 
MOV.W Rs, <EAd> 
I: Previous value remains unchanged. 
Operand Size | H: Previous value remains unchanged. 
Word N: Set to 1 when the data value is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 

This instruction moves one word of data from a general register to memory and sets condition 
code flags according to the data value. 

The destination address in memory must be even. 

MOV.W Rs, @-R7 is identical in machine language to PUSH.W Rs. 

The instruction MOV.W Rn, @—Rn decrements register Rn by 2, then moves the decremented 
result to memory. 

Note that the LSIs in the H8/300L Series contain on-chip peripheral modules for which access 


No. of 
states 


in word size is not possible. Details are given in the applicable hardware manual. 


Instruction Formats and Number of Execution States 


Instruction code 
Mnem. Operands 
1st byte | 2ndbyte | 3rd byte 4th byte 


Register indirect MOV.W | Rs, @Rd )6 1 9 |tirdiotrs: 
Register indirect Rs, ! he 
with displacement |MOV.W | @(d:16,Rd) | 6 | F |tird(Oirs 


Register indirect Poche 
with pre-decrement |MOV.W | Rs, @-Rd tird 'O' rs 













Addressing 
mode 
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2.2.33 MULXU (multiply extend as unsigned) MULXU 


Operation Condition Code 
Rd x Rs — Rd NZVC 


Assembly-Language Format 


MULXU Rs, Rd I: Previous value remains unchanged. 
H: Previous value remains unchanged. 
N: Previous value remains unchanged. 
Operand Size Z: Previous value remains unchanged. 
Byte V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction performs 8-bit x 8-bit — 16-bit multiplication. It multiplies a destination 
register by a source register and places the result in the destination register. The source 
register is an 8-bit register. The destination register is a 16-bit register containing the data to 
be multiplied in the lower byte. (The upper byte is ignored). The result is placed in both bytes 
of the destination register. The operation is shown schematically below. 


Rd Rs 
Muttiplicand] x [_Muttiplier > me 


8 bits 8 bits 16 bits 


The multiplier can occupy either the upper or lower byte of the source register. 


Instruction Formats and Number of Execution States 














Instruction code Noo 6i 


1st ss 2nd ata 3rd byte 4th — 


Addressing 
mode 
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2.2.34 NEG (negate) NEG 
Operation Condition Code 


H 
—l—|2 |—~|3 [2 [t [| 


Previous value remains unchanged. 


Assembly-Language Format 
NEG Rd 


pmoond 


H: Set to 1 when there is a borrow from bit 
Operand Size 3: otherwise cleared to 0. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Set to 1 when an overflow occurs (the 
previous contents of the destination 
register was H'80Q); otherwise cleared to 
0. 

C: Set to 1 when there is a borrow from bit 
7 (the previous contents of the 
destination register was not H'00); 
otherwise cleared to 0. 


Description 

This instruction replaces the contents of an 8-bit general register with its two's complement 
(subtracts the register contents from H'00). 

If the original contents of the destination register was H'80, the register value remains H'80 


and the overflow flag is set. 









Instruction Formats and Number of Execution States 
Instruction code Ka 


Mnem. Operands states 
1st byte | 2nd byte 3rd byte 4th byte 
| | 


Addressing 
mode 
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2.2.35 NOP (no operation) NOP 


Operation Condition Code 


PC +2 —-PC N ZV C 


Assembly-Language Format 


es I: Previous value remains unchanged. 
H: Previous value remains unchanged. 
Operand Size N: Previous value remains unchanged. 
= Z: Previous value remains unchanged. 
V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction only increments the program counter, causing the next instruction to be 
executed. The internal state of the CPU does not change. 


Instruction Formats and Number of Execution States 












Instruction code No. of 


1st byte | 2ndbyte | 3rdbyte Ath a 


Addressing 
mode 
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2.2.36 NOT (NOT = logical complement) NOT 


Operation Condition Code 
Assembly-Language Format ils ry : 
NOT Rd 

I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 


otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 


This instruction replaces the contents of an 8-bit general register with its one’s complement 
(subtracts the register contents from H'FF). 


Instruction Formats and Number of Execution States 









Instruction code 


Ny ee SR ee 
1Istbyte | 2ndbyte | 3rdbyte 4th byte | 
cm alo CT 


Addressing 
mode 


Register direct 
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2.2.37 OR (inclusive OR logical) 


Operation 
Rd v (EAs) > Rd 


Assembly-Language Format 


OR 
Condition Code | 
N Z VC 


OR <EAs>, Rd I: Previous value remains unchanged. 

H: Previous value remains unchanged. 
Operand Size N: Set to 1 when the result is negative; 
Byte otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 

otherwise cleared to 0. 

V: Cleared to 0. 

C: Previous value remains unchanged. 
Description 


This instruction ORs the source operand with the contents of an 8-bit general register and 


places the result in the general register. 


Instruction Formats and Number of Execution States 


Addressing Instruction code 
Mnem. Operands: 


mode 
1st ale 2nd byte 3rd byte 4th byte 


Immediate 


Register direct OR | Rs, 
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2.2.38 ORC (inclusive OR control register) ORC 
Operation Condition Code 


CCR v #IMM —> CCR N ZV C 


Assembly-Language Format 


ORC #xx:8, CCR I: ORed with bit 7 of the immediate data. 
H: ORed with bit 5 of the immediate data. 
Operand Size N: ORed with bit 3 of the immediate data. 
Byte Z: ORed with bit 2 of the immediate data. 
V: ORed with bit 1 of the immediate data. 
C: ORed with bit 0 of the immediate data. 
Description 


This instruction ORs the condition code register (CCR) with immediate data and places the 
result in the condition code register. Bits 6 and 4 are ORed as well as the flag bits. 

No interrupt requests are accepted immediately after this instruction. All interrupts are 
deferred until after the next instruction. 


Instruction Formats and Number of Execution States 














Addressing 
mode 


Instruction code No. of 


1st oe 2nd byte 3rd byte 4th byte 
[immediate | one _|rmeconl oa) ww | | | 2 
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2.2.39 POP (pop data) POP 


Operation Condition Code 


@SP+— Rn I N ZV C 


H 
—|—|—|—]2 [3 Jo] — 


Assembly-Language Format 


POP Rn 
I: Previous value remains unchanged. 
OperandSize = H: Previous value remains unchanged. 
Word -N: Set to 1 when the data value is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Previous value remains unchanged. 
Description 


This instruction pops data from the stack to a 16-bit general register and sets condition code 
flags according to the data value. 
POP.W Rn is identical in machine language to MOV.W @SP+, Rn. 


Instruction Formats and Number of Execution States 


Instruction code eee 

Mnem. | Operands ee 
1st byte | 2ndbyte | 3rdbyte | 4th byte 

| = ror | ore fe fiom) | 





Addressing 
mode 
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2.2.40 PUSH (push data) PUSH 
Operation Condition Code 


Rn — @—SP I N ZV C 


H 
—|—|—|—]+ |¢ Jo} — 


Previous value remains unchanged. 


Assembly-Language Format 
PUSH Rn 


| 


Operand Size H: Previous value remains unchanged. 
Ward N: Set to 1 when the data value is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the data value is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 


C: Previous value remains unchanged. 


Description 

This instruction pushes data from a 16-bit general register onto the stack and sets condition 
code flags according to the data value. 

PUSH.W Rn is identical in machine language to MOV.W Rn, @-—SP. 


Instruction Formats and Number of Execution States 











Instruction code 
No. of 


7 re ee eee 
1stbyte |2ndbyte | 3rdbyte | 4thbyte | Stes 
po rush | ors fe ol om) | 


Addressing 
mode 








9] 


2.2.41 ROTL (rotate left | | ROTL 
Operation | Condition Code 


Rd (rotated left) — Rd N ZV C 


Assembly-Language Format 


ROTL Rd 
I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 7. 
Description 


This instruction rotates an 8-bit general register one bit to the left. The most significant bit is 
rotated to the least significant bit, and also copied to the carry flag. 
The operation is shown schematically below. 


OL TrEeh H 


Bit 7 Bit 0 


Instruction Formats and Number of Execution States 










Instruction code 
No. of 


ae ee ee 
{st byte ondbyte | 3rdbyte | 4thbyte | Stes 





Addressing 
mode 






92 


2.2.42 ROTR (rotate right) ROTR 
Operation Condition Code 
Rd (rotated right) — Rd N ZV C 


Assembly-Language Format 


ROTR Rd 
I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 0. 
Description 


This instruction rotates an 8-bit general register one bit to the right. The least significant bit is 
rotated to the most significant bit, and also copied to the carry flag. 


The operation is shown schematically below. 


MSB LSB 
Bit 7 BitO C 


Instruction Formats and Number of Execution States 


Instruction code 


Addressing No. of 


mode sta 
1st sd 2nd byte | 3rd — 4th a - 
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2.2.43 ROTXL (rotate with extend carry left) ROTXL 


Operation ; Condition Code 


Rd (rotated with carry left) > Rd I N ZV C¢ 


H 
—|—|—|—]¢ | Jolt 


Assembly-Language Format 


ROTXL Rd 
I: Previous value remains unchanged. 
OperandSize H: Previous value remains unchanged. 
Byte | N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z:. Set to 1 when the result is zero; 
_ otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 7. 
Description 


This instruction rotates an 8-bit general register one bit to the left through the carry flag. The 
carry flag is rotated into the least significant bit of the register. The most significant bit rotates 
into the carry flag. 


The operation is shown schematically below. 


MSB LSB 


C Bit 7 Bit 0 


Instruction Formats and Number of Execution States 












‘ Addressina - Instruction code 
mode - Mnem. | Operands ee 
1st byte 2nd byte | 3rdbyie | 4th byte 





Register direct 


lace A ce OO 
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2.2.44 ROTXR (rotate with extend carry right) ROTXR 
Operation Condition Code 


Rd (rotated with carry right) — Rd N ZV C 


Assembly-Language Format 


ROTXR Rd 
I; Previous value remains unchanged. 
OperandSize = | H: Previous value remains unchanged. 
Byte | N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 0. 
Description 


This instruction rotates an 8-bit general register one bit to the right through the carry flag. The 
least significant bit is rotated into the carry flag. The carry flag rotates into the most 
significant bit. 


The operation is shown schematically below. 


MSB LSB 
LTT Te 
Bit 7 BitO C 


Instruction Formats and Number of Execution States 


Instruction code 


Mnem. | Operands 
{st pyle ond ate 3rd byte | 4th a ee 





Addressing 
mode 
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2.2.45 RTE (return from exception) 
Operation 

@SP+— CCR 

@SP+ — PC 


Assembly-Language Format 
RTE 


Operand Size 


Description 


RTE 
Condition Code 


N Z V C 


FuESESESESESEAES 


I: Restored from stack. 
H: Restored from stack. 
N: Restored from stack. 
Z: Restored from stack. 
V: Restored from stack. 
C: Restored from stack. 


This instruction returns from an exception-handling routine. It pops the condition code 


register (CCR) and program counter (PC) from the stack. Program execution continues from 


the address restored to the program counter. 


The CCR and PC contents at the time of execution of this instruction are lost. 


The CCR is one byte in size, but it is popped from the stack as a word (in which the lower 8 


bits are ignored). This instruction therefore adds 4 to the value of the stack pointer (R7). 


Instruction Formats and Number of Execution States 


Addressing 
mode 


Mnem. ; Operands 


istbyte |2ndbyte | 3rdbyte | 4thbyte | Ss 
Pf 
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Instruction code 
No. of 





2.2.46 RTS (return from subroutine) 


Operation 
@SP+ — PC 


Assembly-Language Format 
RES 


Operand Size 


Description 


RTS 
Condition Code 


N:.. 3H VE 


Previous value remains unchanged. 
Previous value remains unchanged. 
Previous value remains unchanged. 
Previous value remains unchanged. 


Previous value remains unchanged. 


Previous value remains unchanged. 


This instruction returns from a subroutine. It pops the program counter (PC) from the stack. 


Program execution continues from the address restored to the program counter. 


The PC contents at the time of execution of this instruction are lost. 


Instruction Formats and Number of Execution States 







Addressing 


mode Mnem. | Operands 
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Instruction code 


No. of 


1st oe 2nd byte | 3rdbyte | 4th byte eens 





2.2.47 SHAL (shift arithmetic left) | SHAL 
Operation Condition Code 
Rd (shifted arithmetic left ) — Rd N ZV C 


Previous value remains unchanged. 


Assembly-Language Format 
SHAL Rd 


_— 


Operand Size H: Previous value remains unchanged. 


Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 


C: Receives the previous value in bit 7. 


Description 

This instruction shifts an 8-bit general register one bit to the left. The most significant bit 
shifts into the carry flag, and the least significant bit is cleared to 0. 

The operation is shown schematically below. 


ee 
LSB 


oH 


Bit 7 Bit O 


The SHAL instruction is identical to the SHLL instruction except for its effect on the overflow 
(V) flag. 


Instruction Formats and Number of Execution States 









Instruction code 


1st i 2nd byte 3rd byte | 4th byte tate 





Addressing 
mode 
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2.2.48 SHAR (shift arithmetic right) SHAR 


Operation Condition Code 


Rd (shifted arithmetic right ) — Rd N ZV C 


Assembly-Language Format 


SHAR Rd 
I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 0. 
Description 


This instruction shifts an 8-bit general register one bit to the right. The most significant bit 
remains unchanged. The sign of the result does not change. The least significant bit shifts into 
the carry flag. 

The operation is shown schematically below. 


MSB LSB 
oo 
Loto 
Bit 7 BitO C 


Instruction Formats and Number of Execution States 















Instruction code 
No. of 


a er ee 
ond byte | 3rdbyte | 4thbyte | Ses 


Addressing 
mode 
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2.2.49 SHLL (shift logical left) SHLL 
Operation : Condition Code 
Rd (shifted logical left) — Rd N ZvV eC 


Assembly-Language Format 


SHLL Rd 
I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Receives the previous value in bit 0. 
Description 


This instruction shifts an 8-bit general register one bit to the left. The least significant bit is 
cleared to 0. The most significant bit shifts into the carry flag. 
The operation is shown schematically below. 


rr rererimins 

MSB LSB 
LILI TTT LI 
C Bit 7 Bit 0 


The SHLL instruction is identical to the SHAL instruction except for its effect on the overflow 
(V) flag. 


Instruction Formats and Number of Execution States 


Addressing Instruction code 


mode Mnem. | Operands bt 
1st sles 2nd byte | 3rdbyte | 4th byte 


Register rect [smu | Ad | + jojo a} | | 
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2.2.50 SHLR (shift logical right) 
Operation 
Rd (shifted logical right ) — Rd 


Assembly-Language Format 
SHLR Rd 


Operand Size 
Byte 


Description 


SHLR 
Condition Code 


N Z V C 


Previous value remains unchanged. 


med 


H: Previous value remains unchanged. 

N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Cleared to 0. 

C: Receives the previous value in bit 0. 


This instruction shifts an 8-bit general register one bit to the right. The most significant bit is 


cleared to 0. The least significant bit shifts into the carry flag. 


The operation is shown schematically below. 


—ffmmot-n 


Bit 7 


Instruction Formats and Number of Execution States 





Addressing 
mode 






Instruction | Instructioncode | Instructioncode | 
Mnem. | Operands oe 
1st ae 2nd byte 3rd byte | 4th byte 
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2.2.51 SLEEP (sleep) 
Operation 
Program execution state — power- 


down mode 


Assembly-Language Format 
SLEEP 


Operand Size 


Description 


SLEEP 
Condition Code 


N ZV C 


Previous value remains unchanged. 
: Previous value remains unchanged. 
: Previous value remains unchanged. 
Previous value remains unchanged. 


: Previous value remains unchanged. 


QO<N2Zaoo 


: Previous value remains unchanged. 


When the SLEEP instruction is executed, the CPU enters a power-down mode. Its internal 


state remains unchanged, but the CPU stops executing instructions and waits for an exception- 


handling request (interrupt or reset). When it receives an exception-handling request, the CPU 


exits the power-down mode and begins the exception-handling sequence. 


If the interrupt mask (I) bit is set to 1, the power-down mode can be released only by a 


nonmaskable interrupt (NMI) or reset. 


For information about the power-down modes, see the applicable hardware manual. 


Instruction Formats and Number of Execution States 


Addressing 


Instruction code 


1 es ee | 
mode 
{st byte |2ndbyte | 3rdbyte | 4th byte tai 


102 


1 





2.2.52 STC (store from control register) STC 
Operation Condition Code 


CCR — Rd NZvVC 


Assembly-Language Format 


STC CCR, Rd 
I: Previous value remains unchanged. 
Operand Size H: Previous value remains unchanged. 
Byte N: Previous value remains unchanged. 
Z: Previous value remains unchanged. 
V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction copies the condition code register (CCR) to a specified general register. Bits 6 


and 4 are copied as well as the flag bits. 


Instruction Formats and Number of Execution States 










Instruction code 







Addressing 
mode 
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2.2.53 (1) SUB (subtract binary) (byte) SUB 
Operation Condition Code 


Rd— Rs > Rd N ZV C 


Previous value remains unchanged. 


Assembly-Language Format 
SUB.B Rs, Rd 


a 


Operand Size H: Set to 1 when there is a borrow from 
Byte bit 3; otherwise cleared to 0. 
N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 
C: Set to 1 when there is a borrow from 


bit 7; otherwise cleared to 0. 


Description 

This instruction subtracts an 8-bit source register from an 8-bit destination register and places 
the result in the destination register. 

Only register direct addressing is supported. To subtract immediate data it is necessary to use 
the SUBX.B instruction, first setting the zero flag to 1 and clearing the carry flag to 0. 


The following codings can also be used to subtract nonzero immediate data. 


Clj- ORC: 4A'0S, CCR (2) ADD #(Q—Imm), Rd 
SUBX #(Imm — 1), Rd XORC. 4H OL;.. CCR 


Instruction Formats and Number of Execution States 









Instruction code 


| 1st san endbyte | 3rdbyte | 4th byte tai 





Addressing 
mode 
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2.2.53 (2) SUB (subtract binary) (word) SUB 


Operation Condition Code 


Ra - Rs ~ Rd NZveC 


me 8 £5 PSST SEE 
ssembly-Language Format 


SUB.W Rs, Rd 


I: Previous value remains unchanged. 
Operand Size H: Set to 1 when there is a borrow from 
Word bit 11; otherwise cleared to 0. 


N: Set to 1 when the result is negative; 
otherwise cleared to 0. 

Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 

V: Set to 1 when an overflow occurs; 
otherwise cleared to 0. 

C: Set to 1 when there is a borrow from 
bit 15; otherwise cleared to 0. 


Description 


This instruction subtracts a 16-bit source register from a 16-bit destination register and places 
the result in the destination register. 


Instruction Formats and Number of Execution States 








Instruction code N f 
mode Mnem. | Operands ve a 


1st byte | 2nd byte 3rd byte | 4thbyte mee 
{ I 14 






Addressing 
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2.2.54 SUBS (subtract with sign extension) SUBS 
Operation 2 Condition Code 


H 
Rd 2 >Re 55S ae em 


Assembly-Language Format 


SUBS #1, Rd I: Previous value remains unchanged. 
SUBS #2, Rd H: Previous value remains unchanged. 
N: Previous value remains unchanged. 
Operand Size Z: Previous value remains unchanged. 
Word V: Previous value remains unchanged. 
C: Previous value remains unchanged. 
Description 


This instruction subtracts the immediate value 1 or 2 from word data in a general register. 
Unlike the SUB instruction, it does not affect the condition code flags. 
The SUBS instruction does not permit byte operands. 


Instruction Formats and Number of Execution States 


| Instruction code No. of 
Mnem. | Operands Bice 
1stbyte | 2ndbyte | 3rdbyte | 4thbyte 


ro foe] | Si 
es ee 











Addressing 
mode 








106 


2.2.55 SUBX (subtract with extend carry) 
Operation 
Rd — (EAs) — C > Rd 


Assembly-Language Format 
SUBX <EAs>, Rd 


Operand Size 
Byte 


Description 


SUBX 
Condition Code 


N Z V C 


Previous value remains unchanged. 


me! 
oe 


: Set to 1 if there is a borrow from bit 3; 
otherwise cleared to 0. 

: Set to 1 when the result is negative; 

otherwise cleared to 0. 

Previous value remains unchanged when 

the result 1s zero; otherwise cleared to 0. 

Set to 1 when an overflow occurs; 

otherwise cleared to 0. 

: Set to 1 when there is a borrow from 


bit 7; otherwise cleared to 0. 


This instruction subtracts the source operand and carry flag from the contents of an 8-bit 


general register and places the result in the general register. 


Instruction Formats and Number of Execution States 


Instruction code 
Mnem. | Operands 












Addressing 
mode 


Immediate 






| Register direct 
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2.2.56 XOR (exclusive OR logical) XOR 
Operation ? Condition Code 
Rd © (EAs) > Rd I N ZV C 


H 
—|—|—|—]}2 [2 [o[-) 


I: Previous value remains unchanged. 


Assembly-Language Format 
XOR <EAs>, Rd 


H: Previous value remains unchanged. 


Operand Size 
Byte N: Set to 1 when the result is negative; 
otherwise cleared to 0. 
Z: Set to 1 when the result is zero; 
otherwise cleared to 0. 
V: Cleared to 0. 
C: Previous value remains unchanged. 
Description 


This instruction exclusive-ORs the source operand with the contents of an 8-bit general 


register and places the result in the general register. 


Instruction Formats and Number of Execution States 


Instruction code 
Mnem. | Operands ie 
1st byte | 2nd byte 3rd byte | 4thbyte 












‘ Addressing 
mode 
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2.2.57 XORC (exclusive OR control register) XORC 
Operation Condition Code 


CCR © #IMM — CCR I N ZV C 


H 


I: Exclusive-ORed with bit 7 of the 
OperandSize #8 # ©. immediate data. 
Byte H: Exclusive-ORed with bit 5 of the 
immediate data. 
N: Exclusive-ORed with bit 3 of the 
immediate data. 
Z: Exclusive-ORed with bit 2 of the 
immediate data. 
V: Exclusive-ORed with bit 1 of the 
immediate data. 
C: Exclusive-ORed with bit 0 of the 


immediate data. 


Assembly-Language Format 
XORC #xx:8, CCR 


Description 

This instruction exclusive-ORs the condition code register (CCR) with immediate data and 
places the result in the condition code register. Bits 6 and 4 are exclusive-ORed as well as the 
flag bits. 

No interrupt requests are accepted immediately after this instruction. All interrupts, including 


the nonmaskable interrupt (NMI), are deferred until after the next instruction. 


Instruction Formats and Number of Execution States 


Instruction code No. of 
Mnem. | Operands oe 
1st byte | 2nd byte 3rd byte | 4th byte 










Addressing 
mode 
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2.3 Operation Code Map 


Table 2-1 shows the operation code map for instructions of the H8/300L CPU. Only the first 
byte (bits 15 to 8 of the first word) of the instruction code 1s indicated here. 


Indicates that the most significant bit of the 2nd byte 
(bit 7 of 1st word of instruction code) is 0. 


Indicates that the most significant bit of the 2nd byte 
(bit 7 of 1st word of instruction code) is 1. 
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LL 


Table 2-1. Operation Code Map 






a 
a 
g 


Sinise a aia a sass 


z 
© 
a 
i 
on 
Mm 
m 
0 
n 
— 
QO 
—~ 
o 


MOV 


pe 
fom [om [oe SEER = 
SS 









SUBX 


Note: The PUSH and POP instructions are equivalent in machine language to the MOV instruction. See the descriptions of individual instructions in section 2.2, Instructions, for details. 


2.4 List of Instructions 


Table 2-2. List of Instructions (1) 





Addressing Mode and 
Instruction Length (Bytes) 
































Operation 

#xx:8 — Rd8 

Rs8 — Rd8 

@Rs16 — Rd8 
@(d:16, Rs16) — Rd8 


@Rs16 — Rd8& 
Rs16+1— Rs16 


@aa:8 — Rd8 
@aa:16 — Rd8 

Rs8 + @Rd16 

Rs8 — @(d:16, Rd16) 


Rd16—1 > Rd16 
Rs8 — @Rd16 


Rs8 > @aa:8 

Rs8 — @aa:16 

#xx:16 — Rd 
s16 > Rd16 


Ta[N[z[vyo 
[MOWB to, Re Se==5o02 
MOVERS, Ra 


| MOV.B @Rs, Rd 


MOV.B @(d:16, Rs), Rd 


MOV.B @Rs+, Rd 


MOVE Gea Ro 
[MOWB @aait6, Ra 
rMOWB RS @RG 
MOWER, 18 Fa) 


MOV.B Rs, @-Rd 


Coc a 
CHOW Re Gea 
PHOT 6 [Ww 
Con aC 
/MOV.W@Rs,Rd —_—| W| @Rs16 > Rd16 


MOV.W @(d:16, Rs), Rd |W} @(d:16, Rs16) > Rd16 


on @Rs16 > Rd16 
Rs16+2 — Rs16 

W| @aa:16 > Rd16 

/MOV.WRs,@Rd —_—«| W| Rs 16 - @Rd16 

Rs16 — @(d:16, Rd16) 


MOV.W Rs, @-Rd Rd16—-2 > Rd16 


Rs16 > @Rd16 
MOV.W Rs, @aa:16 W 


4 





Ee 
S 





cf 
ne 
we 
cE 
i 
' 
7 


Poet mt Poet tT tte) Tt ts TT @ riven | 
pt ts ee ee TT Tf @aasene 


~~ 
Cc 
oc 
o 
es 
AS) 
— 
C) 


4 


2 


T 
as 
Ae, 
ees 
Pee 
Ee 
i 
a 
4 | 


2 


Q |® 


2 


ee ee eee: 


4 


Rs16 — @aa:16 oe 
POP Rd Ww! @SP —> Rd16 
SP+2 > SP 
PUSH Rs W| SP-2 -> SP 
Rs16 > @SP 


=| se) slelels/ sleleleislelo| wielelola| wlo|olololsie 


pot tt TT feet, Pe 
| @{ ele] alol[slo} aloala[wialaja| ololalola| olo|»|n~|~ [No.of States* 
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UNS 12 ONY 57 SSO] 0a ee A ee eS ee ee 





Condition Code 


aa ae eae eee ae eee 
Ea. (See Ree eee 
Ce ee 
J ae eae ae eee 
peu@nme@!) Tt Wn) ea ae J) 
CET) ee a 
a eae 
a Na Sik 
ed 


Addressing Mode and 
Instruction ee (Bytes) 


ERRERSES 





B) Résatex®>Rd8 | 2 | 


As 


[B| Ros-Rs8-C> Rds || 2 
suBswit,Rd |W) Rdte1—Rdi6 || 2] 


Rd16+Rs8 — Rd16 
(RdH: remainder, 
RdL: quotient) 


B| R08 decima-adust-»Ro8| 2) | | | | | | |~ 
Blordsrd | fat | | | tt 


DE ee eee 


Bl Rd-Rse | dat 
OE 

B] Rds.Rs8—>Rd8 || 2 | 

B| Rdevice—> Rds [2] | 
B| RdsvAss— Rds ||| 
B| Rdsetxcs Rds |2| | 
B| Rogers Rds | fa] 
B]RdsRo | fe} 


LOMPWRs,Rd |W Rdie-Rst6 | 2 


[a| pases oeee | | 

/B| Rd8 decimaladiust — Ro8 |_| 2 | 

B| Rossa Ros | |e 
SSUBWRs,.Rd _|W| Rdt6-Rst6 R616 || 2 


|B | Rd8+Rs8+C —> Rd8 
/B| Rd8-#xx:8-C — Rd8 


ADDS.W #1, Rd Rd16+1 —> Rd16 
ADDS.W #2, Rd Rd16+2 > Rd16 


/B | Rd8+#xx:8+C > Rd8 


BI Rd8—-#xx:8 


|B | Rd8+Rs8 — Rds 


ADD.W Rs, Rd Rd16+Rs16 — Rd16 


“| Operation 
|B | Rd8+#xx:8 > Rd8 


@ 
ns 





XOR.B #xx:8, Rd 
XOR.B Rs, Rd 


AND.B #xx:8, Rd 
NOT.B Rd 


Mnemonic 
ADD.B #xx:8, Rd 
ADD.B Rs, Rd 
ADDX.B #xx:8, Rd 
ADDX.B Rs, Rd 
INC.B Rd 

DAA.B Rd 

SUB.B Rs, Rd 
SUBX.B #xx:8, Rd 
SUBX.B Rs, Rd 
DEC.B Rd 

DAS.B Rd 

NEG.B Rd 

CMP.B #xx:8, Rad 
CMP.B Rs, Rd 
MULXU.B Rs, Rd 
DIVXU.B Rs, Rd 
AND.B Rs, Rd 
OR.B #xx:8, Rd 
OR.B Rs, Rd 


/SuBSW#2,Rd [Wi Rate2—Rore | 2} | | | | | | 


Table 2-2. List of Instructions (2) 
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Table 2-2. List of Instructions (3) 








Addressing Mode and 
Instruction Length (Bytes) 





Condition Code 
Mnemonic 
SHAL.B Rd 


Operation 


SHAR.B Rd 


SHLL.B Rd 


SHLR.B Rd 





ROTXL.B Rd 


a Se SS Mae en C2 


ROTXR.B Rd 


sep sep en 
a a ee eC) 
ee ee ee ee 


PLL LL LT ep 
Bo 


by 
ROTL.B Rd 


LO | 


LETT i 
by by 


ROTR.B Rd 


© 


ae 


BSET #xx:3, Rd 
BSET #xx:3, @Rd 
BSET #xx:3, oe 8 
BSET Rn, R 

BSET Rn, @Rd 
BSET Rn, @aa:8 


#xx:3 of Rd8) <— 14 
#xx:3 of @Rd16) < 1 
#xx:3 of @aa:8) < 1 
Rn8 of Rd8) < 1 
Rn8 of @Rd16) < 1 


Rng of @aa:8) < 1 i 


2 
4 


Ee EE ee 


(te) 
3 
ile 
(een aes 
by Do 
BB 
mr 
an 
fhe 
x 


—_—~ 


4 





eleloloioio) oe) et Size 
@ |e fr fofofe} ow} os} ox} st} x} | | | No of States* 


2 
a 
El 
= 
is 


—_~ 


= 
~ 


Table 2-2. List of Instructions (4) 


‘AddressingModeand | 
Instruction Length (Bytes) 








of States * 


Condition Code 


HIN Zi vie 
—|+|=|=|+ 





Mnemonic 

BCLR #xx:3, Rd 
BCLR #xx:3, @Rd 
BCLR #xx:3, @aa:8 
BCLR Rn, Rd 
BCLR Rn, @Rd 
BCLR Rn, @aa:8 
BNOT #xx:3, Rd 


Operation 
xx:3 of Rd8 
xx:3 of @Rd16) — 0 

#xx:3 of @aa:8) — 0 
n8 of Rd8 
n8 of @Rd16) < 0 
n8 of @aa:8) — 0 


#xx:3 of Rd8) <— 
#xx:3 of Rd8) 


#xx:3 of @Rd16) — 
#xx:3 of @Rd16 


#xx:3 of @aa:8) <— 
#xx:3 of @aa:8) 


Rn8 of Rd8) <— 
Rn8g of Rd8) 


Rn8 of @Rd16) <— 
Rn8 of @Rd16) 


Rn8 of @aa:8) <— 
Rn8 of @aa:8) 


xx:3 of Rd8) > Z 
xx:3 of @Rd16) > Z 
xx:3 of @aa:8) > Z 
Rn8 of Rd8) > Z 

n8 of @Rd16) > Z 

n8 of @aa:8) > Z 
xx:3 of Rd8) > C 
#xx:3 of @Rd16) > C 
xx'3 of @aa:8) > C 
xx:3 of Rd8) + C 
xx:3 of @Rd16) > C 
#xx:3 of @aa:8) — C 
C — (#xx:3 of Rd8) 
C — (#xx:3 of @Rd16) 
C — (#xx:3 of @aa:8) 


< 0 


i 


a 
ee Oe TS ar | 


CS eS ee ee See ee 


-_ 


<0 


— 








a 


BNOT #xx:3, @Rd 


=| =| s]= |e |e] |e | [Ne 


BNOT #xx:3, @aa:8 





_ | | | | | | | | | @Rrve@rns 


— 


BNOT Rn, Rd 








BNOT Rn, @Rd 


BNOT Rn, @aa:8 


2] 2) | 2] @| ole|ololo|o|o | Size 





BTST #xx:3, Rd 
BIST #xx:3, @Rd 
BIST #xx:3, @aa:8 
BTST Rn, Rd 
BTST Rn, @Rd 
BIST Rn, @aa:8 
BLD #xx:3, Rd 
BLD #xx:3, @Rd 
BLD #xx:3, @aa:8 
BILD #xx:3, Rd 
BILD #xx:3, @Rd 
BILD #xx:3, @aa:8 
BST #xx:3, Rd 
BST #xx:3, @Rd 
BST #xx:3, @aa:8 


+ 





— 


2 | ole o| 
asa ae eee 


ores ers 





NO 


ES wie Ee aie 


ale cd re eae le 


ES 


cee 
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Table 2-2. List of Instructions (5) 








Addressing Mode and 
Instruction Length (Bytes) 


Branching | x 
Operation | Condition | # 
— (#xx:3 of Rd8) ee 


BIST #xx:3, @Rd — (#xx:3 of @Rd16) in 
BIST #xx:3, @aa:8 — (#xx:3 of @aa:8) ze 
at | 

4 





O 


ondition Cod 


N|Z/V 


Mnemonic 
BIST #xx:3, Rd 


O 


ololo|o| Size 


pt tt tT | tT tT | tf f@e, Rn) 


BAND #xx:3, Rd A(#xx:3 of Rd8) — C 


BAND #xx:3, @R4___|B| Calitxx:9 of @RA16) 0] | | 4 
BAND #xx:3, @aa8 | B/ CrlixxS of @aas)>C | | | 
BIAND tx3, Rd | B| Calc of RGB) > C || 2 
BIAND #3, @Rd___| B| CatHueB oF @RATE) 6] || | 
BIAND x3, @aa8 | B| On @aas) > | | 

BOR Hx, Rd | B| CvtiiexB of Rag) || 2 


v(#xx:3 of @Rd16) 


Z 
v(#xx:3 of @aa:8) — C z 
iz 





4 


OD 
L 
O 


BOR #xx:3, @Rd 
BOR #XxXx:3, @aa:8 
BIOR #xx:3, Rd 
BIOR #xx:3, @Rd 
BIOR #xx:3, @aa:8 
BXOR #xx:3, Rd 
BXOR #xx:3, @Rd 
BXOR #xx:3, @aa:8 
BIXOR #xx:3, Rd 
BIXOR #xx:3, @Rd 
BIXOR #xx:3, @aa:8 


il 

ae 

ae 
vioxs oF @RdI6) 3c} | fal | | ft | 

Cv(#xx:3 of @aa:8) > C 4 

C@(#xx:3 of Rd8) > C Le. de tees, Shetk | 

Ca(#xx:3 of @Rd16)>c] | Jaf | | | | | fa 


coosorRa)—o | j2| | | | | | | | 
colts of@Rat6) cl | al | | | | | 


@(#xx:3 of @aa:8) > C 4 





v(#xx:3 of Rd8) > C 


pt} t i tT | tt tT tt  [@ane@rn. 
pita} | ts} | [et | fat | [@aa: 
pj i} pt tt tt tt Tt [@:s, ec) 
pt ttt tt tT tt TT | f@@aa 
ptt tt tT tT fimptiea 
TE VS STE SITET oh 


O1;O;O 
+e| | te 


i 


LLL LL |e [oe |e [oo |oo ||| | | fo 

8 
Be 
x 
ee) 
o. 
® 
e 
RSS) 
| 
O 
x 
is 
x 
= 
a 
Ea 
Le 
= 
Re 
eo 


QO 


BRA d:8 (BT 4:8) PC — PC+d:8 
BRN d:8 (BF d:8) PC < PC+2 


CvZ=0 


if condition 
is true then 






Ei TR a Od Ee a alee co 
[> [alle [> [* |] [| Jo Jo | |o |o | | Jo | |o Jo |r | |@ |v |@ | |r | | |v | No. of States* 


Bae eee 

ER ERACEE 

SERS ERe Se 

SRR ERE RE 

ozet | | | | | | fel [| 

BCC d:8 (BHS 4:8) C=0 Sete Ss 
BCS d:8 (BLO d:8) else next; |G _ Pay le he A ee nl | 
zo = | | Lt fat 

Zt eh ee! 

ee SER SERE SE 

Vet ear ea 





1] 


On 








_ AddressingModeand [| 
Instruction Length (Bytes) 


















ar ; 
zg 2/8 5 
R Branching | & o i Fi #8 Condition Code : 
Mnemonic | Operation | Condition | # S) e G] @|@ PI] H}N| Z| Vv{c| z 
BPLds || teondition|N=o0 | | | | | | fay | |—|—|-|-|-|-]41 
cemide lpg Nat | | | | Tt feat | [-[-/-|-|-|-|4] 
pcede = |—| pores «=| Nov-0 | | | | | | fal | |-|-/—|-|-/-/4 
putds ff OE Tnover 7 | | | | | fat | |-|—|-|-|-|-|4 
BeTde = znevy-o | | | | | 2} | |-|-|-|-|-|-|4| 
BlEde@ = zvnevy=] | | | | ft fal | j--j-|-|-|-]4 
ae ee ef AHHH I=] } 4 
MP@aaté || PCeaate =| | | | | fal | | d|-\—-|-|-|-|-/6 
MP@@aas_ ss [—|PCe@aae || | «| «| sf Cd | ste] [-/-|-|-/-|-/8 
ee ese. Ler 
PC + @SP 
PC — PC+d:8 
a a 
PC —+ @SP 
PC — Rn16 
ee a 
PC + @SP 
PC + aa:16 | 
ew’ es. 
PC + @SP 
PC — @aa:8 
es ees TT EL ere 
SP+2 — SP 
- | 4 i TELL PFTPRRTP 
SP+2 — SP 
PC «+ @SP 
SP+2 > SP 
sucep_______f—| Transittostagp mode, | | et | yt | fel-|-|-|-|-|-| 2] 
fuoCax8,ccR [Bl wxxe—con sf 2] | | | | dt | [tia eteitiale 
‘inc rs.con [ef mse>con id SeReReR Cee 
1 ae Pt Ly | H-J-}+/-|+]2 
FANDC #xx:8, CCR |B CCRawxe—cor [2] | | | | | | | [ele|si{eisisle 
ORC #xx:8, CCR B] CCRv#xx:8 >= CCR 2 im ee | $ 2 








1] 


N 


Table 2-2. List of Instructions (7) 





Mnemonic 
XORC #xx:8, CCR 


ee Ce 
Tee rnvorne 


NOP 
EEPMOV 


Notes: * 


©O©@®oOLO 


Addressing Mode and 
Instruction Length (Bytes) 





- at 
: F cf] & Condition Code | ‘6 
Operation = 6/8 Hooeoe 
PASE : 
P| ft feal-|-j|— 


| | | | No.of States* | 


@® 
i pale 
—|pcercee || —|—|— 
if R4L 40 4 
Repeat @R5 — @R6 
R5+1— R5 
R6+1— R6 
R4L-1 > R4L 
Until R4L = 0 
else next; 


The number of execution states indicated here assumes that the operation code and operand data are 
in on-chip memory. For other cases, refer to section 2.5, Number of Execution States. 

Set to 1 when there is a carry or borrow at bit 11; otherwise cleared to 0. 

When the result is 0, the previous value remains unchanged; otherwise cleared to 0. 

Set to 1 when there is a carry in the adjusted result; otherwise the previous value remains unchanged. 
The number of execution states is 4n + 9, with n being the value set in R4L. 

Set to 1 when the divisor is negative; otherwise cleared to 0. 

Set to 1 when the divisor is 0; otherwise cleared to 0. 
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2.5 Number of Execution States 


The tables here can be used to calculate the number of states required for instruction execution. 
Table 2-3 indicates the number of states required for each cycle (instruction fetch, branch 
address read, stack operation, byte data access, word data access, internal operation). 

Table 2-4 indicates the number of cycles of each type occurring in each instruction. The total 
number of states required for execution of an instruction can be calculated from these two 


tables as follows: 
Execution states =I x Si+JxSJ+KxSk+LxSL+MxSmM+N x Sn 


Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is 


accessed. 


1. BSET #0, @FFOO 
From table 2-4: 
J=L=2,, J=K=M=N=0 
From table 2-3: 
Si=2.. SsL=2 
Number of states required for execution = 2*2+2x2=8 
When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, 
and on-chip RAM is used for stack area. 


2. ISR @@ 30 
From table 2-4: 
l=2. JeKe=], —LeMeaN=0 
From table 2-3: 
SL=S)=SK=2 


Number of states required for execution= 2*24+1x*2+1x2=8 


119 


Table 2-3. Number of States Taken by Each Cycle in Instruction Execution 


Execution Status Access | sts—si‘i‘istsSCSCSCAcessLocation i i st—‘—‘CsSCsdz 
(instruction cycle) nt ioe Chip Memory On-Chip Peripheral Module 


ae 
Branch address read 
hogan 










Se 


Internal operation 


* Depends on which on-chip module is accessed. See the applicable hardware manual for 


ql 






details. 
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Table 2-4. Number of Cycles in Each Instruction 


Instruction} Branch Stack {Byte Data |Word Data | Internal 
Instruction Mnemonic Fetch j|Addr. Read | Operation| Access Access /jOperation 


ADD.B #xx:8, Rd 


ADD.B Rs, Rd 
ADD.W Rs, Rd 


ADDS.W #1/2, Rd 


ADDX.B #xx:8, Rd 
AND.B #xx:8, Rd 
AND.B Rs, Rd 


ANDC ANDC #xx:8, CCR 





e > | > > 
010 eS) 
0 010 o) 
x1 On 
ioe a 
















BAND BAND #xx:3, Rd 
BAND #xx:3, @Rd 
BAND #xx:3, @aa:8 

Bcc BRA 4:8 (BT d:8) 





BRN d:8 (BF d:8) 
BHI d:8 
BLS d:8 
BCC d:8 (BHS d:8) 
BCS d:8 (BLO d:8) 
BNE d:8 
BEQ d:8 
BVC d:8 
BVS d:8 
BPL d:8 
BMI d:8 
BGE d:8 
BLT d:8 
BGT d:8 
BLE d:8 
BCLR #xx:3, Rd 
BCLR #xx:3, @Rd 
BCLR #xx:3, @aa:8 
BCLR Rn, Rd 











































Vy NY NY NY NY VY NY KY NY NY NY NY NY WY NY WN 









ey 
(@. 
Ce 
ye) 
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Instruction | Branch Stack (Byte Data] Word Data} Internal 
Instruction Mnemonic Fetch |Addr. Read|Operation| Access Access (Operation 
BCLR BCLR Rn, @Rd 

BCLR Rn, @aa:8 
| BILD #xx:3, Rd 
BIST BIST #xx:3, Rd 
BIXOR #xx:3, @Rd 
BLD #xx:3, @aa:8 










pb ped 





— ped 


















NN 


BIAND BIAND #xx:3, Rd 
BIAND #xx:3, @Rd 
BILD 
BILD #xx:3, @Rd 
BILD #xx:3, @aa:8 
BIST #xx:3, @Rd 
BIST #xx:3, @aa:8 
BIXOR 
BIXOR #xx:3, @aa:8 
- BLD #xx:3, Rd 


BIAND #xx:3, @aa:8 
BIOR BIOR #xx:3, Rd 

BIOR #xx:3, @Rd 

BIOR #xx:3, @aa:8 

BIXOR #xx:3, Rd 

BLD #xx:3, @Rd 
BNOT 


a | — ped 


BNOT #xx:3, Rd 
BNOT #xx:3, @Rd 
BNOT #xx:3, @aa:8 
BNOT Rn, Rd 
BNOT Rn, @Rd 
BNOT Rn, @aa:8 
BOR #xx:3, Rd 
BOR #xx:3, @Rd 


= BOR #xx:3, @aa:8 


BSET BSET #xx:3, Rd 
BSET #xx:3, @Rd 
BSET #xx:3, @aa:8 
BSET Rn, Rd 
BSET Rn, @Rd 


— — 





to wm NM 
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Instruction | Branch Stack [Byte Data| Word Data| Internal 
Instruction Mnemonic Fetch |Addr. Read|Operation| Access Access /|Operation 


— a Se So PS 


BST BST #xx:3, Rd 
BST #xx:3, @Rd 
BST #xx:3, @aa:8 
BTST #xx:3, Rd 
BTST #xx:3, @Rd 
BTST #xx:3, @aa:8 
BTST Rn, Rd 
BTST Rn, @Rd 
BTST Rn, @aa:8 
BXOR #xx:3, Rd 
BXOR #xx:3, @Rd 





BTST 









BXOR 





BXOR #xx:3, @aa:8 
CMP. B #xx:8, Rd 


CMP. B Rs, Rd 
CMP.W Rs, Rd 


DIVXU 
BEPMOV 


JMP @Rn 

| JMP @aa:16 

JMP @@aa:8 

JSR JSR @Rn 
JSR @aa:16 
JSR @@aa:8 
LDC Rs, CCR 

MOV MOV.B #xx:8, Rd 


MOV. Rs, Rd 
MOV. @Rs, Rd 





ho 


5|4 


No 
| 
: 
No 
¥ 


a 
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; Instruction | Branch Stack |Byte Data|Word Data) Internal 
Instruction Mnemonic Fetch |Addr. Read|Operation| Access Access {Operation 


re 


«| 
MOV _ |MOV.B@(d:16,Rs),Rd} 2 | 
a 
——- 
a! 
- 
me 
=i 
La! 
Fe ad 
ae 
le 
lee cual 


MOV.B @Rs+, Rd 

MOV.B @aa:8, Rd 
1 
1 


MOV.B @aa:16, Rd 
MOV.B Rs, @Rd 
MOV.B Rs, @(d:16, Rd) 
MOV.B Rs, @-Rd 
MOV.B Rs, @aa:8 
MOV.B Rs, @aa:16 
MOV.W #xx:16, Rd 
MOV.W Rs, Rd 

MOV.W @Rs, Rd 
MOV.W @(d:16, Rs), Rd 
MOV.W @Rs+, Rd 
MOV.W @aa:16, Rd 
MOV.W Rs, @Rd 
MOV.W Rs, @(d:16, Rd) 
MOV.W Rs, @-Rd 
MOV.W Rs, @aa:16 2 


NOP 
NOT 


OR.B #xx:8, Rd 
OR.B Rs, Rd 1 


ORC ORC #xx:8, CCR 1 








porea | 
poses id 
1 
1 


PUSH PUSH Rs 


| 


—_— 
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Word Data 
Access 


Instruction | Branch Stack 
Fetch |Addr. Read|Operation 


Byte Data 
Access 


Internal 
Operation 








7. 


M 


Instruction Mnemonic 


STL 
SHAL 
SHAR 
SHLR 
[sre |stecen ea 


SUB SUB.B Rs, Rd 









SUB.W Rs, Rd 


SUBS SUBS.W #1/2, Rd 


SUBX.B #xx:8, Rd 





SUBX.B Rs, Rd 
XOR.B #xx:8, Rd 
XOR.B Rs, Rd 


XORC XORC #xx:8, CCR 


* n: Initial value in R4L. The source and destination operands are accessed n + 1 times each. 
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Section 3. CPU Operation States 


There are three CPU operation states, namely, program execution state, power-down state, and 
exception-handling state. In power-down state there are sleep mode, standby mode, and watch 
mode. These operation states are shown in figure 3-1. Figure 3-2 shows the state transitions. 
For further details please refer to the applicable hardware manual. 


The CPU executes successive program instructions, 
synchronized by the system clock. 


Subactive mode 


The CPU executes 


successive program ---1 Low-power modes 
instructions in low- : 


speed operations, 
synchronized by the 
subclock. 


Sleep mode 
A state in which some or all 
of the chip functions are Standby mode 
stopped to conserve power. 
Watch mode 
Exception-handling state 


A transient state in which. the CPU changes 
the processing flow due to a reset or an interrupt. 





Figure 3-1. CPU Operation States 
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Reset cleared 


Exception- 
handling state 


Reset state 
Reset occurs 


Interrupt Interrupt Interrupt handling 


Reset raised raised complete 


occurs 


Program 


Power-down state execution state 


SLEEP instruction executed 


Note: On the transitions between modes, see the applicable hardware manual. 





Figure 3-2. State Transitions 
3.1 Program Execution State 
In program execution state the CPU executes program instructions in sequence. 
3.2 Exception Handling States 
Exception-handling states are transient states occurring when exception handling is raised by a 
reset Or interrupt, and the CPU changes its normal processing flow, branching to a start address 
acquired from a vector table. In exception handling caused by an interrupt, PC and CCR 
values are saved to the stack, with reference made to a stack pointer (R7). 
3.2.1 Types and Priorities of Exception Handling 
Exception handling includes processing of reset exceptions and of interrupts. Table 3-1 


summarizes the factors causing each kind of exception, and their priorities. Reset exception 


handling has the highest priority. 
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Table 3-1. Types of Exception Handling and Priorities 


Timing for start of 


Priority | Exception source Detection timing exception handling 
High Reset Clock-synchronous _ Reset exception handling starts as 
soon as RES pin changes from low 
to high. 
Interrupt End of instruction When an interrupt request 1s made, 
execution* interrupt exception handling starts 


after execution of the present 


Low instruction is completed. 


* Interrupt detection is not made upon completion of ANDC, ORC, XORC, and LDC 


instruction execution, nor upon completion of reset exception handling. 
3.2.2 Exception Sources and Vector Table 
The factors causing exception handling can be classified as in figure 3-3. 


For details of exception handling, the vector numbers of each source, and the vector addresses, 
see the applicable hardware manual. 


Exception source External interrupt 


Interrupt 


Internal interrupt 
(interrupt raised by on-chip peripheral module) 





Figure 3-3. Classification of Exception Sources 
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3.2.3 Outline of Exception Handling Operation 


A reset has the highest priority of all exception handling. After the RES pin goes to low level 
putting the CPU in reset state, the RES pin is then put at high level, and reset exception 
handling is started at the point when the reset conditions are met. For details on reset 

- conditions refer to the applicable hardware manual. When reset exception handling is started, 
the CPU gets a start address from the exception handling vector table, and starts executing the 
exception handling routine from that address. During execution of this routine and 


immediately after, all interrupts including NMI are masked. 


When interrupt exception handling is started, the CPU refers to the stack pointer (R7) and 
pushes the PC and CCR contents to the stack. The CCR I bit is then set to 1, a start address is 
acquired from the exception handling vector table, and the interrupt exception handling routine 


is executed from this address. The stack state in this case is as shown in figure 3-4. 


SP (R7) > 
SP +1 
SP +2 


SP +3 


SP 44 | Even-numbered 
4 address 


After completion of interrupt 
exception handling 


Prior to start of interrupt 


exception handling Contents 


saved to stack 
Notation 


PCy: Upper 8 bits of program counter (PC) 
PC,: Lower 8 bits of program counter (PC) 
CCR: Condition code register 

SP: Stack pointer 


Notes: * Ignored on return from interrupt. 
1. PC shows the address of the first instruction to be executed upon 
return from the interrupt. 
2. Saving and restoring of register contents must always be done 
in word size, and must start from an even-numbered address. 





Figure 3-4. Stack State after Completion of Interrupt Exception Handling 
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3.3 Reset State 


When the RES pin goes to low level, all processing stops and the system goes to reset state. 
The I bit of the condition code register (CCR) is set, masking all interrupts. 


After the RES pin is changed externally from low to high level, reset exception handling starts 
at the point when the reset conditions are met. For details on reset conditions refer to the 
applicable hardware manual. 


3.4 Power-Down State 


In power-down state the CPU operation is stopped, reducing power consumption. For details 


see the applicable hardware manual. 
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Section 4. Basic Operation Timing 


CPU operation is synchronized by a clock (). The period from the rising edge of 6 to the next 
rising edge is called one state. A memory cycle or bus cycle consists of two or three states. 
For details on access to on-chip memory and to on-chip peripheral modules see the applicable 


hardware manual. 
4.1 On-chip Memory (RAM, ROM) 
Two-state access is employed for high-speed access to on-chip memory. The data bus width is 


16 bits, allowing access in byte or word size. Figure 4-1 shows the on-chip memory access 
cycle. 


Bus cycle 


a ! eo 
Internal read signal ! 


Internal data bus* 


(read access) ! Read data 


Internal write signal ee ee 


Internal data bus* 
(write access) : Write data 


Note: A 16-bit data bus is used making possible access to word-size 
data in 2 states. 





Figure 4-1. On-Chip Memory Access Cycle 


133 


4.2 On-chip Peripheral Modules and External Devices 


On-chip peripheral modules are accessed in two or three states. The data bus width is 8 bits, 
SO access is made in byte size only. Access to word data or instruction codes is not possible. 


Figure 4-2 shows the on-chip peripheral module access cycle. 


Bus cycle 


To state 


Internal data bus* 
(read access) 


(ite access) 
(write access) Write data 


' t t 
! ‘ t 
’ ’ '’ 


(a) Two-state access 


Bus cycle 


To state T3 state 


i) 
' 
' 
( 
i) 
' 
i] 
' 
1 
| 
' 
' 
‘ 


Internal read signal \ / 


Internal data bus* 


(read access) Read data 


Internal write signal ar a ae er ae en 


Internal data bus* 
(write access) 


(6) Three-state access 


Note: An 8-bit data bus is used. 





Figure 4-2. On-Chip Peripheral Module Access Cycle 
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Fax: 313-271-5707 


EUROPE (CE) 
Headquarters 


Hitachi Europe GmbH 


_ Electronic Components Div. 


Central Europe Headquarters 
Hans-Pinsel-StraBe 10A 

8013 Haar bei Miinchen, F. R. Germany 
Tel: 089-46140 | 

Fax: 089-463068 


Branch Office 


Hitachi Europe GmbH 
Electronic Components Div. 
Central Europe Headquarters 
Breslauer StraBe 6 

4040 Neuss 1, F. R. Germany 
Tel: 02101-15027 to 9 

Fax: 02101-10513 


Hitachi Europe GmbH 

Electronic Components Div. 
Central Europe Headquarters 
Verkaufsburo Stuttgart 
FabrikstraBe 17 

7024 Filderstadt 4, F. R. Germany 
Tel: 0711-772011 

Fax: 0711-7775116 


Hitachi Europe GmbH 

Electronic Components Div. 

Bureau de représentation en France 
Immeuble “Les Gemeaux” 

2, Rue Antoine Etex 

F-94020 Creteil Cedex, France 

Tel: 1-43394500 

Fax: 1-43398493 


Hitachi Europe GmbH 
Electronic Components Div. 
00158 Roma 

Via Pescosolido, 154, Italy 
Tel: 06-4510146, 4510147 
Fax: 06-4510148 


Hitachi Europe GmbH 
Electronic Components Div. 
Via L. Rizzo 8 

Il-20151 Milano, Italy 

Tel: 02-33404180 

Fax: 02-33404152 


EUROPE (NE) 
Headquarters 

Hitachi Europe Ltd. 

Electronic Components Div. 
Northern Europe Headquarters 
Whitebrook Park 

Lower Cookham Road 
Maidenhead 

Berkshire SL6 8YA, United Kingdom 
Tel: 0628-585000 

Fax: 0628-778322 


Branch Office 

Hitachi Europe Ltd. 

Electronic Components Div. 
Northern Europe Headquarters 
Haukadalsgatan 10 

Box 1062, S-164 21 Kista, Sweden 
Tel: 08-751-0035 

Fax: 08-751-5073 


ASIA 

Headquarters 
Hitachi Asia Pte. Ltd. 
78 Shenton Way #11-01 
Singapore 0207 
Tel: 221-6131, 7355 
Fax: 225-4225, 221-4474 


Branch Office 
Hitachi Asia Pte. Ltd. 
Taipei Branch Office 
9 th Fl. -1 No.64, Tun—Hwa N. Road 
Taipei Financial Center 
Taipei, Taiwan 
Tel: 02-741-4021 to 6 
Fax: 02-752-1567 


ASIA(HK) 
Headquarters 
Hitachi Asia (Hong Kong) Ltd. 
Unit 706, North Tower, 
World Finance Centre, Harbour City 
Canton Road, Tsimshatsui, Kowloon 
Hong Kong 
Tel: 852-7359218 
Fax: 852-7306071 


Branch Office 
Hitachi Asia (Hong Kong) Ltd. 
Seoul Branch Office 
18 Floor Kukje Center Building 
191, 2-Ka, Hanggang—Ro 
Yongsan-Ku, Seoul, Korea 
Tel: 796-3115, 3647 to 8 
Fax: 796-2145 


Hitachi Asia (Hong Kong) Ltd. 

Beijing Office 

Room 1412, Beijing Fortune Building, 
5 Dong San Huan Bei-lu, 

Chaoyang District, Beijing 

People’s Republic of China 

Tel: 501-4351-4 

Fax: 501-4350 
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